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IN  I ROIH  (  IION 


f  >ig.im/v'd  In  |  )t  I  lu  .vloic  \  on  k.uiii.iii  m  Ins,.'  \(  •  ARI )  was  originally  called  the  Advisory  ( iiotrp  lor  \rnmattlii  til 
Kcsy  iti  li  mil  I  Vvc  li ipnicnl  In  1  *i'  '  during  tin  V  \ i mli  <  icm  i.il  Assembly  ol  A<  i  ARI )  l)i  I  lugh  Dry  den  who  was  the 
I  >ncc  li  >i  ol  tlu  Inn  miiHi'i  i«l  N  AN  \  ilu  N.iiumal  Vlv  ivory  <  ortiutitlcc  l<n  Aeronaut  us.  ilfsi  rilxil  the  imp. hi  ol  1  III- 1 u si  l  S 
'.Hi  llilr  l.imii  linl  two  months  pi ii >■  in  tit, it  hh  iI ini- 

I  loin  llii.ii  on  \(  i  AKI  *  has  li.ul  .Kim-  vmtli  going  oil  hi  studio  in  tin-  span'  arena  I  oi  example,  al  lilt  I  t^lith  < iciural 
\ss,  ml>|i  h,  |,|  in  I  limn. ok  in  I  •os  Hi  Not  mail  Ramsey  who  is  non  ,t  Nobel  I’ii/c  winner  and  was  al  that  lime.  Science 
Nils  ism  to  ilu  Si  i  iei.it  \  ( ie -neial  ol  N  Al  O.  charred  tile  ni.i|oi  nuiinl  table  diseussion  w  hull  »,is  entitled  Impact  ol  Space 

I  ei  Inn  i|oe\  ,  >n  Kim  an  Ii  and  I  kselopmettl  Al  the  I  lev  emit  <  uncial  Assembly .  vvliuli  was  held  in  July  of  I  ‘Mi  I.  in  Norway . 
tin  toiiitil  lal'le  ill  si  ussinn  ssas  on  si  tcnlilte  aspects  ol  space  technology .  and  al  this  clcvenlh  session  an  inlci  panel  space 
inloini.ilion  eiotip  was  csialshslicd  that  seas  chaired  In  l)t  I  l<  KeclHni.cx  Chairman  «f  (he  Avionics  Panel,  ex  Assistant 

Si  i  let  .its  ot  I  >i  tense  and  i  tin  ends  President  ol  the  Aerospace  <  nr  potation 

In  1  nits  \(  i  \KI  >  s  hanged  its  name  I  tom  aeronautics  to  acinspacc.  si  I  we  now  have  officially  the  title  Adv  isoi  v  ( noup 
tm  teios/iu,)  Kcseatch  and  Development  Heeenllv  A(iAKI)  has  reemphasised  space  activities  liecause  during  the  past  two 
dei  adcs  sp.u  e  in  hnoli ie\  space  systems  and  space  tesoutces  have  been  developed  which  cleat Iv  can  contribute  to 
tin  leasing  i  onib.it  lapabihtv  and  elheiencv  m  the  tactical  atetia  We  have  military  communications  using  space  assets  which 
an  vciy  im|sortanl  in  tlu  t.n  Inal  world  lor  command  and  contiol  flic  various  wealhet  satellites  permit  a  much  mote 
m  curate  and  mote  timely  weathei  loiecastini!  and  again  very  important  lor  tactical  military  applications,  and  the  eighteen 
s  itelhty  <  ilobal  Positioning  System,  in  last,  icvohitiom/cd  the  futute  ot  navigation  and  bombing  So.  ctirrcntlv  I  believe  that 
tlu  re  is  an  itu  leasing  appieci.il  ion  not  only  by  the  tactical  military  community  but  also  by  the  tcscarch  and  development 

I I  immunity  ieg.it dine  the  impact  that  space  will  h.tsc  tn  future  tactical  operations 

N  AS  A  I  anglci  Kcscaicli  <  enter  was  a  very  appropriate  site  lor  this  Symposium  I  angles  AHt  is  the  home  ol  the  l  S 
I  actual  Air  (  omnium)  N  ASA  I  angles  Research  <  entet  since  I'll  7  ha--  been  a  pioneer  in  space  exploration,  space 
teehnologv  and  applications  (fringing  together  (he  tactical  military  community  am)  development  community  Irom  all  the 
N  \  I  ( >  nations  to  discuss  Space  System  Applications  to  I  actual  Operations  was  the  purpose  of  this  Symposium 

I  Ins  particular  symposium  bungs  into  focus  and  charade  izes  those  attributes  of  space  systems  which  conn ibute  to  the 
ellec  iivcncss  ot  tactical  military  applications  More  specifically,  an  overview  is  provided  of  what  are  the  tactical  needs  and 
leipniemeiits  that  can  be  satisfied  using  space  assets.  Doth  the  current  existing  systems  as  well  as  the  potential  new  sy  stems 
that  ate  coming  oiislicani  later  on  ill  the  century  are  characterized,  iioth  the  advantages  and  limitations  ol  space  systems  arc 
assessed  and  finally  future  trends  which  should  be  of  particular  interest  to  the  research  and  development  community  ate 
disc  usseil 

It  was  indeed  an  honor  and  a  pleasure  to  be  general  chairman  of  this  symposium.  It  was  a  pleasure  because  the 
piograrnmc  committee  did  such  outstanding  work  to  assemble  such  distinguished  speakers  for  the  overview  session  and  to 
identify  and  encourage  the  authors  who  presented  papers  I  would  like  to  acknow ledge  particularly  the  work  ol  Mr  Joe 
Stalsingvt  for  writing  the  I  echnical  I  valuation  Report  and  editing  the  (  onferenee  Proceedings  and  Mr  Hill  Dove  lot 
unhesitating  the  physical  facilities  and  other  amenities  al  NASA  I  angles  Research  <  enter 

I  he  <  nnlcrcncc  Proceedings  are  contained  in  two  volumes.  <  I’  .144  contains  the  I  echnical  I  valuation  Report,  the 
unclassified  papers,  and  unclassified  abstracts  of  classified  papers  I  he  NA  I  O  Secret  Supplement.  CP  J44(S).  contains  the 
I  echnical  (  valuation  Report,  the  abstracts  ol  unclassified  papers,  classified  papers,  all  questions  and  answers  that  followed 
the  presentations  of  papers,  summaries  ol  discussion  periods,  and  the  list  ol  participants 
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lev  lew  should  hulls  on  issues  ol  mtereorineetiori  ami  interoperability  anioni*  all  ol  these  assets  and  the  relateil 
au  hiteetutal  issues  The  ohjeelives  shoulil  lv  to  optmn/e  the  utility  ami  survivability  ol  tin  overall  V\  I  (  >  lapabthtv 

I’l.m  a  s \  mposmm  on  space  technology  with  the  objective  of  defining  initiatives  which  the  V\  1  ( )  nations  should  puisne 
to  unrease  the  1  aj  ability  of  luluie  space  systems 

*  Han  a  symposium  on  the  sul»|ei  t  ol  space  system  macro  atcluteiiure  1  Ins  should  include  i|uestions  ol  interoperability 
and  sin v liability  as  major  (opus 
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I  he  b»th  S\njp»*\i»nn  of  itu  \\ idiik  x  I’ailcl  vuu  licit  1  al  the  I  I  II  Kcul  A*.  !:*.  :l:c-  (  cn!c!  ■  •'  Mu  \  \S  \  I  .melev 
Uiscanh<  cntci .  Hampton.  \  ugmta.  I  VV  I  ’H<Vu>Ki  l‘JS'  I  he  program  t  han man  toi  the  meeting  was 
Ih  Max  I  NN  i  iss « *|  tlu  \cmxpatc  (  «'i|v.ialu>n  l  I  Scgumlo.  C  ahtoima.  I  S  \  I  he  papcis  presented  and  disc  uxxioio 
^  nutiuii  I  at  flu  iiKeliiiv!  aie  published  in  <  « *i»lt fence  Proceedings  C  I*  '44  ami  (  I*  '44  f Supplement  > 
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I  he  adv  aiK  ex  m  space  let  hm»log\  .nut  sv  stems  dining  I  he  pasl  inn  dec  adcs  h.,\  e  icd  In  tlu  a'  ailabilit  v  *  >!  ies«  ui:  t  es 
whit  h  i  an  contribute  to  increased  combat  capabihtv  ami  cHicicm  v  m  tactical  mihlarv  oj>eraii»>nx  Mthtarv  i 
n  lie  II  lies  such  .i"  i  tic  N  \  I  <  >  amt  Sk>  Nl  I  senes  and  (he  l  S(  ( )MSA  I  S  luxe  demonstrated « lien  el  t  cell  veil'  ■>>  as  i  ler, tents 
nl  mihlarv  command  amt  control  m  stents  I  he  various  leather  satellites  pcrrrni  more  accurate  am!  more  limelv  weather 
I*  net  ..shne  amt  h.»\t  become  important  to  all  militaiv  operations  |  tie  I  S  Satellite  ( ilt >l>al  Positioning  SWem  which  is 
v  urienlh  umlt  i  development  max  tcvoluiioni/c  weapon  sxstem  nax igadori  ami  guidance  over  (he  next  decide 

I  he  importance  ot  spate  assets  in  supporting  laeiieal  operations  is  giaduailv  becoming  heller  appreciated  h\  the 
leaders  .•!  the  K«Vl>  toiimnuutx  and  In  nnhlarv  leadcix  m  the  N  A  I<  >  countries  However,  the  lull  potential  ot  these  svsieim 
has  not  \ el  K  en  realized  1  he  intent  ol  this  symposium  is  to  bring  into  tot  us  amt  to  eharaeter i/c  the  attrrbutex  <>'  \p.u  e 
s\ stems  which  contribute  to  the  etteetixeness  ot  t.ietieal  mihl.uv  o|x  r«itions 

I  tu  i  »h|ec  lives  nl  the  meeting  are  as  follows 

•  Provide  an  ovemew  ot  laetit al  needs  which  .ire  etleetivelx  addresseil  In  spaee  s\ steins 

•  (  harat  fen/c  the  various  existing  and  potential  spate  xvxicmx  with  emphasis  on  those  allnhuies  which  ate  most 
related  t»  *  tat  tu  al  needs 

•  \ssfss  tin  advantages  and  limitations  ol  spate  sx stems  in  supporting  combat  operations 

•  Investigate  the  interaction  o!  space  assets  with  ground  and  mobile  resources  ami  consequent  operational  issues 

•  I  hxuiss  future  trends  m  space  teehnologv  and  then  relationship  to  evolving  combat  needs. 


ms(  Kiriios 

I  he  program  consisted  of  ihiriv  lout  invited  papeis  and  two  roinul  table  discussions,  divided  into  seven  sessions  |  he 
quahtv  of  the  matcnal  presented  well  reflected  the  experience  and  expertise  of  the  authors 

I  he  opening  session  consisted  of  picseniations  hy  verv  senior  members  ol  the  N  A  I O  space  sciences  and  militaiv 
tommunUres  A  broad  overview  was  presented  which  served  as  an  excellent  introduction  in  the  more  detailed  discussions 

Space  xv stems  and  their  applications  had  not  been  reviewed  for  a  number  of  years  by  AOAKI)  I  he  rapid  progress  that 
h.s  taken  place  in  this  field  and  the  increasing  role  played  by  space  systems  in  maintaining  and  supporting  militaiv 
effectiveness  wax  clear  I  v  evidenced  in  the  range  and  depth  of  the  subjects  discussed  in  the  sessions  which  followed  I  he 
symposium  made  a  tunelv  contribution  bv  stressing  the  current  dcxirabihtv  ot  more  intensive  application  ol  space  sv stems  to 
mihlar  v  operations 


ll.dlNK  M  KVM  I  AIION 

Session  I  —  Overview  Chairman:  Dr  M.  I  . Weiss 

I  his  session  provided  a  useful  framework  lor  the  subsequent  discussions  I  be  speakers  characterized  the  range  ol 
current  and  poiennaf  applications  of  space  systems  and  provided  a  perspective  on  the  past  and  a  forecast  of  future  trends 

IX 


I  >i  M.nk  iU ^  nluil  tlu  i*v«»liitii»ii  nt  sp,uf  t  .ip.ihilitu's.  i lu  impxt.iiKi  ol  tiiilii.ux  sp.u  c  to  the  in.iuitcnaiin’  of  peace 
■mil  tlu  tu  i  *1  h m  toiiu  i  ll* »i t  .mi*  mu:  tin  N  \  I  <  >  fi.tfit *ris  t« » m.mmi/c  piutuss  in  i  intent  .nnl  lutuic  ilcu lopmctHs 

(  n  in  ». if  K.iinlotph  uauwoI  the  cuturitlv  <»|v mIioimI  I  S  nnM.»/\  space  st  Meins  .tiuS  gau  examples  ol  then 
i  IU  i  tui  in  ns  in  <  uses  situations  I K*  mieicil  the  i angi  »»!  i  apabilmes  available  am!  desi  nbed  systems  eurteitlK  mulct 
ill  n  li»pnn  in  in  nn  1 1  luluie  needs  I K  suggested  that  cooperative  cl  huts  atm  me  the  V\  U  >  i  nullities  im  biding  the  IS. 
ii •  *uli!  N  nt  eic.it  value  (« 1  die  i.n  tna!  cominamlv 

Mi  ( iu  ink i  1 1  ait i inn  if  this  theme  In  dest  nhtng  \p.n  e  s\  stent  applu  aJn  ms  in  the  \  A  I  ( )  t tie.ile i  t  <e  trnheated  how 
sp.ii  c  "wu  ms  1 1 >nii ihule  tu  iiuiiitemn1  the  threat  to  V\  M )  Imees  and  pointed  out  that  the  lull  exploitation  of  space  assets  is 
a  It  .n  in ne  piot  i  nn  m  hn  h  in  not  \et  i  omptete 

<  mn  i.tl  <  i.m!  piovided  usehil  insights  into  tlu  applnatioii  ot  space  s\ sterns  !•  >  tacln  al  aite tall  \  partu  ulai  point  was 
made  that  flu  proper  design  ol  tenniiiais  tor  tactic a!  am  rah  applications  ts  <dere.it  srendnam  t 

I  Ik  mu  i.n  in >»i  ot  sp.K e  s\ stents  i  apuhihties  ami  SAM  I  s  nav.il  needs  was  the  subject  ot  Mr  Vihr.i’s  talk  Among  the 
pointN  >ou  ted  well  the  piobletns  irivolvci)  in  combining  loues  ol  the  Nations  nations  and  in  ileaih  distinguishing  hostile 
and  li  u  lulls  h Mies 


Sessions  II  A  III  —  (  ommon  nations 

f  hcNc  sessions  bi<  Might  into  hu  tis  the  ugoious  .utivitv  in  space  communication  sv stems  throughout  the  NA  M  ) 
lommunitv  Moth  i uncut  .ipphe.ilioiis  and  on  going  developments  were  addressed  Some  of  the  major  issues  discussed 
included  the  need  tor  oseiall  auhiteelur.il  planning.  the  impoftancc  ot  internetting  and  interopctahilitv  am!  ol  suiiablv 
designed  lei  i  estnal  stations  t.  •  optrnn/e  sv  s fern  ulihlv 


Session  II  (  hairman  Mr  D.IVhoud 

l  olotul  ( iihson  dcsenlKd  suiient  and  piospccliu*  l  S  systems  including  then  utility,  the  threats  to  which  thev  must 
respond  and  piospcctivc  upgrades  I  he  possibilities  for  internetting  among  the  various  space  assets  and  with  ground 
networks  were  discussed 

Mr  Sonderegcr  provided  a  perspective  troni  a  hioad  arehileeUiral  point  ol  view,  showing  the  possibilities  lor  fitting  both 
cm  lent  and  piospectite  systems  into  an  overall  framework  Problems  of  network  control  and  management  were  cited 

lb  M  il  It- 1\  <.  li.it. kUti/ciI  l  III  systems  Ini  space  applications  including  the  cumin  ami  prospeettse  stale  ol  the  ari  in 
components,  the  applicable  types  of  signal  simclures  ami  the  advantages  which  ibis  frequency  repine  oilers  to  nulttaiy  users 

N|i  I  >u  (  Irene's  p.qvi  covereil  advanced  dev  eh ipmcnls  lor  salellile  communication  as  applied  in  the  Syracuse  sysivm 
I  lie  us.  ol  spu.nl  s|X'cttum  in  Ihc  \  hand  (requeues  regime  was  sleseribcsl  together  with  the  techniques  lot  synchtoin/ation 
and  ills  paianielers  ol  both  Used  and  niohile  ground  terminals 

I  lie  ptohlem  <>(  oihu  selection  is  pertinent  to  the  various  NA  I  ( )  nations  whose  territory  extends  to  high  latitudes  An 
analx sis  ami  evaluation  ol  alternative'  was  presented  by  ( ieneral  (  olhns  Ills'  advantages  ol  the  twelve  hour  elliptical  orbit 
!<  a  high  latitmlc  application  include  coverage,  ease  ol  sloppier  correction,  and  lowet  orbital  energy  requirements 

Session  III  Chairman:  Mr  B. Atkinson 

•\n  overview  ot  communication  satellite  activity  in  the  l  anted  Kingdom  wav  presented  bv  Mr  Atkinson  Ihc discussion 
ms luded  description  ol  developmental  activities,  testing  facilities,  and  the  various  aspects  of  terminal  equipment  design 
important  to  the  users  I  he  advantages  of  interaction  between  the  military  and  civil  systems  were  pointed  out 

Mr  lo/cr  described  the  SKYNt'I  4  development  and  the  tk-iads  of  the  communication  pavloads  functional 
characteristics.  A  description  of  potential  advances  for  the  next  generation  of  SKY  Nf-  I  satellites  was  presented 

I  >r  Madams  reviewed  the  communication  satellite  field  from  the  viewpoint  of  Royal  Navy  requirements.  A  systematic 
presentation  of  requirements  in  matrix  form  was  shown  ami  a  discussion  ol  internetting  as  a  means  of  enhanced  survivability 
was  presented 

I  urthcr  discussion  ol  terminal  issues  was  furnished  in  a  paper  by  Mr  I  aw  Various  types  ot  terminals  for  different 
classes  of  users  were  described  together  with  the  variations  and  characteristics  necessary  for  different  classes  of  services 

Newton  |V  —  Navigation  (hafnwMi:  Ir.  H-A.T.Thnmm 

Discussion  of  space  based  navigation  systems  was  initiated  by  Colonel  Jones  with  an  overview  discussion  of  the 
( iPS  Navstar  program  A  description  was  provided  ol  the  current  configuration  and  the  plans  for  providing  a  full 
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constellation  within  the  next  lew  Years  A  sanely  ol  usei  equipments  are  umler  development  anil  accuracy  demonstrations 
have  been  accomplished  lot  a  variety  ol  host  vehielev  including  aireralt.  ships,  am)  land  vehieles 

Mi  kiuh  ilevetihed  the  means  ol  building  up  a  (  d*S  constellation,  the  orbital  configuration  necessary  for  achieving 
global  ci  net  age  and  the  geometric  issues  associated  with  maintenance  ol  accuracy  I  he  I X  satellite  final  eoliligui  ation  will 
pi  ovule  bcltct  than  W\.  coverage  globally 

I  he  technu|iies  lot  system  tests  which  have  been  developed  and  are  cuneiitlv  used  to  evaluate  system  performance 
"etc  discussed  be  I  b  <  iilloid  I  he  pteetsioii  land  range  as  well  as  the  arrangements  lot  naval  testing  were  described 

I  oi  tactual  am  i alt  applications,  a  large  numbet  ol  variables  must  be  eont tolled  in  order  to  meet  accuracy 
icc|uiu  mi  nts  (  upturn  llal tuc  presented  a  description  ol  these  items  together  w  ith  an  evaluation  ol  the  utility  ol  the  <  d’N 
system  ,n  coitttollmg  them  In  summary,  the  <  il’S  system  simplifies  control  and  suppoits  enhanced  cltcclivcncxxs  in  a  numhc  l 
ol  t.u  tic  al  applications 

<  of  uu  I  l‘i  n  i  icv  icwcd  the  prospective  iilili/ation  ol  N as  star  by  the  NAM)  nations  N as  slat  development  is  perhaps 
unique  in  that  nun  NAM)  nations  have  panic  ipaleil  in  the  <  d’N  development  and  aci|Uisilion  program  I  ui  then  more,  the 
intended  use  ol  Navxtai  by  tlte  v.inous  nations  has  sup|vorlcil  imptoved  commonality  of  navigation  and  mapping  references 
among  the  natii  ns 

Nessir in  V  —  Remole  Sensing  (  hairman:  l)r  R.W  .MacPhrrmn 

I  In  disi  union  ol  i  uiicnl  eapabihties  in  i emote  sensing  focused  oil  meteoiologn.il  salellite  systems  and  then  use  I  )thet 
aspic  ts  ol  remote  sensing  weie  coveted  in  Session  VI 

I  lu  I  K  tense  Mctcnrnlogn  .tl  Satellite  Prngium  (l)MSt’)  was  presented  in  an  overview  by  (  oloticl  (  urns  I  he  I  )MSI’ 
s'  stem  pros  idex  worldwide  strategic  tactical  and  weather  data  to  both  lived  and  mobile  users  I  Util i c  developments  including 
enhatu  cd  sensing  capabilities  weie  deserdvd 

t  olonel  K.mxi  lict  ilesuitved  the  manner  in  which  the  Air  force  (rlobal  Wealhei  <  enlral  merges  data  I r<  >ni  l>MSI’  as 
"ell  as  olhrt  wealhei  satellites  and  teitestn.il  and  oceanographic  data  Data  is  processed  every  three  hunts  and  4.s  hour 
loin  axis  ate  lui  titshed  I  act  teal  uses  during  various  crisis  were  cited  as  well  as  support  of  planned  military  excicixcx 

I  lu  i  n  than  wealhei  satellite  system  and  its  relationship  to  military  systems  was  presented  by  Dr  Miller  I  he  interaction 
Ivy  tween  the  Amei lean  civilian  systems  and  those  ol  other  nations  was  •  ixcuxxcd  and  the  importance  ol  cooperation  between 
all  nations  to  ac  hieve  .mutate  wealhei  loreeavlv  was  emphasized. 

1  he  importance  ol  space  systems  in  support  ol  tactical  military  activities  was  illustrated  graphically  by  Mt  I’othecarv 
and  (  upturn  Matsti  in  then  discussion  of  the  Falkland  Island  experience  I  he  usefulness  of  remotely  sensed  data  was 
apparent  catty  on  and  actual  experience  during  crises  led  lo  changes  in  terrestrial  equipment  which  lurthcr  enhanced  the 
utility  ol  space  systems  Practical  experience  is  essential  lo  optimizing  utility 

I  he  diicet  application  of  satellite  weather  data  via  video  recording,  the  use  ol  false  eolot.  and  other  human  engineering 
tn  Imiqui'x  was  discussed  by  Mr  Boswell  I  he  importance  ol  techniques  to  enhance  lnterprclabilitv  was  cleat  Is 
demonstrated 

I  iirthet  emphasis  on  this  subtext  was  provided  by  Mr  Wcigand  The  ability  lo  adapt  lo  varying  circumstances  and  a 
v  at  lets  ot  usei  requirements  was  noted  I  he  flexibility  ol  digital  techniques  is  important  Hie  need  to  receive  Irequent 
ohxcivationx  under  some  circumstances  ts  characteristic  ol  certain  applications 

Session  VI  —  Prospects  tor  the  f  uture  Chairman:  Dr  K.l. Diamond 

I  he  papers  m  dns  session  were  oriented  towatd  discussion  ol  those  space  system  elements  which  have  demonstrated 
then  importance  but  have  not  yet  achieved  lull  operational  status  or  application 

( icncr al  Ahiahumson  described  the  space  shuttle,  tlx  objectives  and  accomplishments  and  noted  that  a  s artels  ol  upper 
stages  are  available  lor  various  applications  I  he  ability  to  retrieve  payloads,  to  assemble  large  space  structures  in  orbit  and. 
generally .  to  greatly  inc  rease  the  flexibility  of  the  management  ol  orbiting  assets  were  cited  I  aunch  capability  from  etthei 
coast  ol  the  I  N  will  become  available  Cooperative  efforts  with  other  NAM)  nations  were  described 

I  he  most  recent  mutative  in  regard  to  shuttle  upper  stages  was  picscnlcd  by  Mr  Clark  Ihix  is  the  shuttle-configured 
(  eittaur  upper  stage  which  will  be  capable  ol  pulling  approximately  1  VIMltl  lb  payloads  into  geosynchronous  orbit  using 
liquid  oxycn  and  liquid  hydrogen  propellants 

In  regard  to  expendable  launch  capability,  a  major  development  has  been  the  Ananc  booster,  described  by  Mr  Hrachet. 

I  he  Ananc  booster  is  under  the  cognizance  of  the  l  uropean  Space  Agency  (I  SA).  Il  consists  of  a  family  of  vehicles  which 
has  a  present  capability  of  placing  I  MM)  kilograms  info  a  synchronous  equatorial  transfer  orbit  The  Ananc  family  is  an 
evolving  system  which  incorporates  planned  growth  leading  to  an  eventual  4IMHI  kilogram  capability.  The  Ananc  has 
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di  iiionsii.itnl  its  pet  lot  m.incc  in  pt.n  Inal  use  All  .ultlilioiial  pad  is  Iking  Imill  li  >  pi  mule  grcatci  launi  h  lkvih:lit\  and 
■  apahilm  k n  ihcl.iiecvl  vcision  ol  \n. me  nn  mills  planned 

I  inning  limn  launeli  vehicles  In  Inline  developments  Ini  spaeeeiall.  Mi  (  ncliian  desenhed  a  senes  ol  ineasmes 
ini'  'k  id  in  pi  nice  line  Inline  satellites  sv  stems  limn  jmssihle  neealn  in  Iniprmeuienls  m  salellile  aiilmimm  die  use  nl  einss 
linking  between  (lie  vanmis  satellites  and  un  leased  use  nl  mobile  lei iimials  weic  iliseusseil 

Kenn ile  sensing  Ini  upplicnlinns  niliei  Ilian  weather  Inreeasls  was  the  suh|eet  nl  a  discussion  In  I  )r  When  I  he 
I  iiinpcnn  lenmie  sensing  satellite  s\ stein.  I  KM .  is  an  applieatmn  of  mi.lcmg  synthetic  aperture  radar  In  the  measurement  i  >1 
go 'plivsu al  pmpeilies  uu  hiding  w  uid  lields.  mean  image  i  v  and  iee  I  he  dala  will  have  hnlli  seienlilie  and  eemimme  impael 

\nniliei  appmaeh  in  die  icnintc  sensini;  "I  eenphvsie.il  lealmes  and  m  mapping.  is  die  Sl‘(  >  I  remote  sensini!  system 
desi  rilxd  in  a  paper  presented  In  Mi  Itiachct  I  he  system  is  developed  under  the  auspices  ol  the  I  reneh  National  Space 
Venn v  It  cmhmlk's  a  passive  sensm  opci.iiiiig  in  three  visible  hands  and  die  neat  ultra  red  Among  Ms  applications  are 
esalualion  ol  nalutal  icsmiues  1 1  cue  w  able  ami  mulct  al }  as  well  as  medium  si  ale  inappine 

I  uilliei  disenssion  ol  advances  in  svmhetk  apeitme  i.ulai  technology  was  presented  in  the  paper  In  Mr  Sc  hi  titer  An 
advam  ed  piocessoi  is  undei  development  which  lias  al  tubules  which  make  it  particular  Iv  suitable  lor  data  V  <  k  essing  on 
lx  >ard  spaces  i  all 

Passive  sensing  was  also  die  siib|eel  ol  die  papci  presented  In  Mi  Met  atthv  on  liie  application  ol  uilia  red  techniques 
to  deli  1 1 '  >h|ci  Is  of  miiilarv  inlet esl  I  he  use  ol  space  based  sensors  lot  tins  pm  pose  provide  ails , Ullage'.  in  i  overage  and 
timeliness  ol  data 

\dditional  discussion  ol  die  Icchnologv  and  application  ol  imaging  svnlhelu  .i|tcrlurc  radai  lot  earth  resourees 
teseatih  was  presented  in  ilk  papci  In  Mi  Moiisnn  Ihe  Shuttle  imaging  radai  has  been  used  to  provide  radai 
i  hat  as  lei  i /anon  ol  anas  ol  the  earth  which  had  not  been  previously  observed  by  this  class  o|  sensor  \  movie  ol  some  of  the 
observations  was  shown 


Session  V II  —  Summary  Chairman:  Vlr  I.Statsinger 

I  Ins  session  was  structured  to  provide  a  recapitulation  and  summary  ol  ideas  and  issues  which  developed  Itoni  the 
pa  pets  and  discussions  ol  die  preceding  siv  sessions  I’artieipanls  (or  this  session  included  the  chairmen  ol  the  preceding 
sessions,  m  their  repiescntatives.  as  well  as  Dr  Allen  Stuhberud.  Chief  Scientist  ol  the  I  S  Ait  l  on  e  Some  introductory 
tematks  wete  ptesented  In  Mr  Joseph  Statsmgcr.  vice  chairman  ol  Ihe  Program  Committee 

I  lie  remarks  and  discussions  during  this  session  generally  covered  Ihe  major  issues  in  regard  to  space  svstent 
applications  Substantially  all  ol  the  material  from  this  session  related  to  assessments,  observations  and  recommendations 
with  legard  lo  Ihe  symposium  topics  I  he  executive  summary,  as  well  as  Ihe  next  section  ol  t his  report  covering  these  mailers 
is.  in  substance,  a  recapitulation  ol  Session  V  II 
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It  was  the  general  consensus  that  the  sini[>o'"'t'  material  was  significant  and  relevant  lo  Ihe  intent  ol  the  svmposium 
and  that  the  objectives  ol  the  meeting  as  outlined  •  ib-me  toil fbjeense  -  were  indeed  met  In  addition,  the  material 
ptesented  went  bcvonil  the  objectives  ol  the  meeting  and  provided  important  insights  into  additional  aspects  of  space 
sv  stems  and  their  miiilarv  applications 

With  tegatd  to  the  slated  objectives  ol  the  meeting: 

I  he  papers  and  discussions  prevented  indicated  the  importance  ol  space  systems  in  meeting  current  and  future  tactical 
needs  in  communication,  navigation,  surveillance,  remote  sensing  and  weather 

I  he  eharaeteri/anon  ol  space  systems  was  accomplished  with  claritv  and  locused  well  on  the  relationships  between  the 
svsiems  and  their  tactical  application 

I  he  advantages  and  limitations  ol  space  systems  in  tactical  applications  were  reviewed  in  conjunction  with  the 
uiletaelion  ol  terrestrial  resources  and  space  resources. 

A  significant  number  ol  trends  lot  the  future  and  their  importance  m  military  applications  were  discussed 

OBSERVATIONS 

It  was  noted  that  a  number  of  areas  would  benefit  by  additional  effort: 

I  (  ommumcalion  hetween  users  and  developers  should  he  improved  in  order  to 
(a)  Establish  better  quantification  of  requirements 

(b>  Expose  the  developers  more  clearly  to  the  exigencies  ol  battlefield  applications 
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H  )  Identify  the  needs  lor  flexibility 

(ii)  Impure  the  familiarity  of  the  using  onmmimt\  with  sp.iee  system  ojxiational  charaderisftes 

?  Steps  should  *v  taken  to  improve  mtciopc rabilitv  among  existing  and  planned  systems  in  the  N  A  I  ( )  environment 
m  order  to  enhance  the  utility  of  these  broadlv  applieahle  sy stems 

*  I  he  participation  of  the  various  \  A  I  <  )  nations  in  cooperative  development  arul  application  of  space  systems 
should  he  me  ua  set  I 

4  Alternative  techniques  (or  pioeuremenl  ami  lidding  of  spaee  systems  shouKI  he  developed  .nul  evaluated 
considering  that  small  quantities  and  high  unit  eosts  will  eontinue  to  he  characteristic  of  these  systems. 

s  I  he  impact  ot  retrievable  boosters  on  the  development  ami  application  o!  space  systems  should  he  further  studied 

n  I 'he  development  ol  suitably  conligmcd  ground  assets  should  tx  pursued  for  the  purpose  of  assuring  maximum 
Mirv iv.ihihtv  and  utility 

Aieas  should  lx-  identified  where  fuithet  advances  in  technology  ate  desirable,  in  ordei  to  support  future  systems 
having  gicatci  capabilities  than  systems  eurtenilv  available 

s  I  utute  activities  should  stress  the  importance  of  overall  systems  engineering  and  systems  macro -architecture 

assure  that  all  of  the  elements  involved  in  these  complex  sv sterns  arc  propcrlv  interfaced  and  that  sy  stems  designs 
for  individual  spaic  systems  interact  vvith  each  other  for  the  overall  greatest  effectiveness  in  providing  support  r< » 
milu.ii v  operations 
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1  l  onduct  a  review  of  on  going  and  planned  communication  and  navigation  systems,  both  space  and  ground  based  I  he 
lev iew  should  focus  oil  issues  of  interconnection  and  interoperability  among  all  of  these  assets  and  the  related 
urchitccMJial  issues  I  hc  objectives  should  be  to  optimize  the  utility  and  survivability  of  fhe  overall  NA  K)  capability 

2  Plan  .1  symposium  on  space  technology  with  the  objective  of  defining  initiatives  which  the  NA  I O  natioi  s  should  pursue 
to  increase  the  capability  of  future  space  systems. 

'  Plan  a  symposium  on  tlx  subject  of  space  system  macro-architecture  Ihis  should  include  questions  of  interoperability 
and  survivability  as  major  topics 
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TACTICAL  OPERATIONS  AND  SPACE  APPLICATIONS 
Major  General  T.I..  CRAIC, 

Deputy  Chief  of  Staff  for  Requ i rement a 
Tactical  Air  Command 
Langley  APR,  VA  2166S 
USA 


I  am  pleased  to  have  the  opportunity  to  talk  to  you  about  Tactical  Operations  and 
Space  Application*  as  a  single  subject  1  As  the  Deputy  Chief  of  Staff  for  Requirements 
for  Tactical  Air  Command,  my  Job  is  to  obtain  the  necessary  capabilities  for  all  the 
fighter  forces.  The  Tactical  Air  Forces  include  the  United  States  Air  Forces  in 
Furope,  Pacific  Air  Forces,  and  the  Tactical  Air  Command  as  well  as  the  Air  Reserve 
Force.  I  am  therefore  strongly  tied  to  the  research,  development  and  acquisition 
community  because  we  depend  on  them  to  satisfy  our  requirements.  I  believe  as  you 
do,  that  when  our  potential  adversaries  are  working  hard  to  develop  and  field  new 
advanced  capabilities,  we  have  no  choice  but  to  outwork  them  -  both  harder  and  smarter. 
It  is  particularly  pleasing  to  see  the  nations  of  the  NATO  alliance  holding  hands  and 
working  smart  to  continue  to  make  improvements  in  our  collective  capability. 

I  have  taken  as  my  subject  'Tactical  Applications  of  Space  Operations".  This  is, 
perhaps,  a  "play  on  words”  from  the  theme  of  this  conference,  but  it  best  reflects 
where  I  think  we  are  today  in  terms  of  marrying  tactical  and  space  operations.  You 
could  say  my  perspective  is  from  the  ground  looking  up,  rather  than  being  in  space 
looking  down. 

Before  talking  about  the  high  frontier,  1  want  to  remind  us  how  frontiers  have  played 
in  the  past.  The  first  battles  were,  in  all  likelihood,  fought  on  the  ground.  Then 
came  a  second  frontier  as  battles  occurred  on  the  seas.  In  the  twentieth  century,  war 
truly  became  three  dimensional  as  the  airplane  came  on  the  scene.  Now,  we  are  talking 
about  another  new  frontier  --  space.  It  is  certain  to  become  increasingly  important 
if  the  Soviets  continue  to  make  bold  moves  toward  militarizing  that  medium.  There  is 
more  to  be  said  on  that  later,  but  the  point  to  recognize  here  is  that  new  frontiers 
don’t  replace  old  frontiers  --  new  ones  just  add  to  your  responsibilities  and  make 
the  eventualities  more  complex.  This  is  not  to  say  that  new  frontiers  do  not  bring 
advantages  and  leverage  as  well,  however. 

It  is  with  keeping  one  eye  on  the  old  frontiers  that  we  in  tactical  operations  can  look 
at  this  new  frontier  which  we  call  space.  Thus  in  my  remaining  comments  I’ll  try  to 
develop  what  we  see  as  tactical  benefits  from  space  operations  in  that  light  --  these 
include  improvements  in  our  ability  to  communicate,  maintain  surveillance,  observe 
global  weather,  navigate,  and  obtain  new  frontier  technology  that  can  be  applied  to  old 
frontier  systems,  such  as  computers,  sensors,  and  to  on.  I  will,  however,  stop  short  of 
speculating  about  war  in  space. 

First,  i'll  talk  about  satellite  communications.  Since  the  first  communications 
satellites  were  launched  in  the  early  60s,  the  reliance  on  space  communications  has 
increased  dramatically. 

Satellite  communications,  or  SATCOM  for  short,  have  a  wide  variety  of  applications, 
which  include  affording  time  sensitive,  critical  conversations  among  the  leaders  of 
the  nations  of  the  alliance,  between  allied  field  commanders  and  their  assigned  forces, 
and  among  national  and  allied  forces  for  a  range  of  command  and  control  tasks  associated 
with  operating  military  forces. 

SATCOM  has  both  advantages  and  limitations  --  First,  the  advantages:  As  we  increase  the 
number,  the  redundancy  and  the  flexibility  of  the  media  available  for  our  essential 
communications,  we  complicate  the  task  for  the  would-be  hostile  radio  electronic  combat 
manager.  SATCOM  improve s  our  ability  to  overcome  intense  electronic  countermeasures 
which  are  certain  to  be  employed  by  Warsaw  Pact  forces  in  their  efforts  to  interrupt 
our  conmand  and  control  communications.  SATCOM  allows  us  to  use  terrain  screening  as 
an  advantage  in  siting  communications  terminals.  For  example  we  can  avoid  hilltop 
sites  for  tactical  communications  nodes  -  we  can  site  them  behind  the  hill  to  reduce 
their  vulnerability  to  enemy  attack.  SATCOM  also  is  less  vulnerable  to  enemy  detection 
and  exploitation  because  the  communications  path  is  overhead.  Also,  a  SATCOM  downlink 
footprint  is  wide  enough  to  cover  a  large  area  and  the  problems  associated  with  other 
long-haul  communications  media  are  avoided. 

SATCOM  brings  us  closer  toward  having  the  high  levels  of  jam-resistance  communications 
with  the  capacity  required  to  support  the  exchange  of  data  between  automated  conmand 
and  control  facilities  and,  in  the  future,  weapon  systems. 

Unfortunately,  SATCOM  also  has  limitations.  These  include  a  current  technology 
limitation  which  precludes  u#  from  developing  an  adequate  number  of  small,  lightweight, 
high  performance  SATCOM  terminals  to  support  all  of  our  tactical  requirement#  --  at 
a  reasonable  cost.  Super  High  Frequency,  or  SHF  SATCOM  techniques  give  us  either  fairly 
large  capacity,  or  a  fair  degree  of  anti-jam  performance  --  but  not  both  at  the  same 
time.  Today,  we  are  developing  a  new  Extremely  High  Frequency,  or  EHF  satellite  program 
--  called  MIL8TAR,  which  ie  heavily  oriented  toward  providing  a  dependable,  enduring 
SATCOM  system,  but  realizing  the  promise  of  MUBTAR  from  a  tactical  perspective  is  still 
many  years  away.  Satellite  communications  are  an  important  element  in  our  array  of 
tactical  communications  resources.  Me  want  to  do  even  more  with  SATCOM  aa  hardware 


begins  to  reflect  tactical  battlefield  requirement*.  we  should  not  reasonably  expect, 
however,  any  sort  of  major  revolution  in  connectivity  for  tactical  eonmand  and  control. 
In  my  view,  we  need  to  keep  and  improve  every  mean*  available  to  us. 

Since  the  first  weather  satellite  was  launched  in  1962,  their  use  ha*  become  commonplace 
--  we  now  take  for  granted  the  daily  reportinq  of  weather  on  television  and  are  no 
longer  awed  by  satellite  picture*  of  today's  weather  for  North  America  or  Europe.  The 
simple  fact  that  tnis  information  ha*  hecme  commonplace  —  and  is  available  internation¬ 
ally  attests  to  its  usefulness.  Our  allied  and  national  military  forceB  also  use 
weather  satellite  information  on  a  daily  basis. 

Another  important  capability,  the  new  search  and  rescue  satellites,  or  SARSAT,  were 
developed  to  aid  in  detecting  and  reportinq  distress  calls  from  ships  and  aircraft  -- 
anywhere  on  earth.  This  has  dramatically  improved  the  capabilities  of  national  and 
international  search  and  rescue  organizations  to  respond  more  quickly  and  locate  more 
accurately  ships  and  aircraft  that  are  in  distress.  You  know  what  that  means  to  the 
people  involved. 


We  are  looking  forward  to  the  improved  navigation  systems  which  space  will  provide. 

The  use  <>f  space-based  navigation  systems  promises  to  provide  the  Tactical  Air  Forces 
not  only  with  more  accurate  and  reliable  information  on  how  to  navigate  from  point  A 
to  point  B,  but  we  expect  it  will  also  enhance  our  worldwide,  all-weather,  day/night 
combat  ability.  The  NAVSTAR  Global  positioning  System,  or  GPS  as  we  refer  to  it,  is 
the  best  example  of  this  type  of  space-based  capability.  Capt  .  Mike  Barbee  from  my 
Armament  and  Avionics  Requirements  Division  will  talk  later  to  you  on  GPS.  From  my 
perspective  !  think  GPS  will  contribute  significantly  to  the  fighter  pilot  who  has 
the  tough  'ob  of  destroying  wel 1 -defended  targets  deep  in  enemy  territory  where  pin¬ 
point  accuracy  is  required  --  and,  at  the  same  time,  GPS  will  help  him  stay  alive. 
Regardless  of  what  capabilities  we  might  build  into  future  space  systems,  nothing  will 
change  the  requirement  of  having  to  deal  with  targets  on  the  ground.  Let  me  cite  an 
example  of  where  technology  ir.  the  past  has  made  the  right  kind  of  contribution  in 
dealing  with  a  very  "earthy"  problem. 

Durinq  the  Vietnam  War,  we  were  tasked  to  destroy  a  bridge  near  Hanoi  -  the  Thanh 
Hoa  bridge.  We  expended  87}  sorties  with  no  significant  damaxe  to  the  bridge  --  and 
suffered  11  combat  losses  in  the  attempt.  When  laser  guided  bombs  became  available, 
we  were  able  to  destroy  the  bridge  in  one  day  with  only  eight  sorties  --  and  no  losses. 

With  GPS  integrated  into  our  fighter  aircraft,  we  will  substantially  improve  the 
navigational  accuracy  of  the  weapon  system,  and  achieve  those  same  kind  of  results 
at  much  less  cost.  A  “smart"  aircraft  which  can  deliver  standard  conventional 
munitions  accurately  is  considerably  more  economical  than  trying  to  make  all  of  your 
munitions  smart  enough  to  achieve  a  kill  against  targets.  In  other  words,  smart 
airplanes  and  dumb  munitions  are  a  lot  cheaper  than  inaccurate  aircraft  systems  married 
to  smart  munitions.  We  will  still  have  a  need  for  smart  weapons  for  particular  targets, 
but  this  capability  allows  us  to  acquire  a  more  efficient  and  complementary  mix  --  and 
save  taxpayer  money.  In  short,  GPS  will  give  allied  tactical  air  forces  a  significant 
improvement  in  their  opera  t  ionii  ef  feet  iveness . 

I  want  to  turn  now  to  what  I'll  refer  to  as  “new  frontier"  technology.  By  this,  I  mean 
tht.se  technologies  which  have  been  and  are  still  being  developed  to  support  our  efforts 
in  space.  There  are  many  examples  we  are  all  familiar  with.  When  President  John  F. 
Kennedy  announced  the  United  States  would  undertake  a  program  to  put  a  man  on  the  moon, 
resources  were  committed  to  the  research  and  development  efforts  that  would  provide  the 
capability  to  reach  that  goal.  The  technologies  that  emerged  as  a  result  of  that  and 
other  research  and  development  efforts  are  now  commonplace.  The  hand-held  calculators 
of  today  are  now  more  powerful  than  the  first  computer  that  had  to  be  housed  in  a  large 
building.  Many  of  you  in  the  audience  are  wearing  digital  alarm  watches  —  I  know  that 
because  I  occasionally  hear  them  beeping.  Some  of  you  may  have  computers  in  your  offices 
--  or  even  at  home.  Over  the  past  25  years,  we  have  witnessed  an  explosion  in  computer 
technology  with  processing  speeds  and  storage  capacities  that  are  difficult  to  comprehend. 

In  the  Tactical  Air  Force*,  the  on-board  computers  in  aircraft  such  as  our  F-15s,  F-16s, 
and  E-3A  AWACS  are  becoming  increasingly  more  sophisticated.  Ke  are  also  using  computers 
daily  in  handling  our  ground  tasks.  We  are  currently  in  the  process  of  placing  small 
computers  at  operational  units  to  aid  in  routine  tasks  such  as  mission  planning.  These 
capabilities  exist  today  largely  because  of  the  "new  frontier"  technology  research  and 
development  efforts  that  were  undertaken  in  the  1960a  and  70s  as  well  as  that  which  ia 
ongoing  today.  Programs  to  develop  very  high  speed  integrated  circuits,  of  VHSIC,  will 
push  computer  processing  speeds  beyond  30  million  operations  per  second,  will  reduce 
component  size  and  power  consumption,  while  at  the  same  time  dramatically  improving 
the  reliability  of  those  components. 

We  are  working  closely  with  the  research  and  development  conmunities  to  continue  to 
define  those  potential  applications  of  "new  frontier"  technology  that  will  further 
improve  the  combat  effectiveness  of  our  tactical  air  forces.  We  are  particularly 
Interested  in  those  improvements  which  may  reduce  Investment,  operating,  and  support 
costs.  Many  of  the  "new  frontier"  technology  developeient*  stand  to  do  that  —  and  I 
think  creative  application  to  our  existing  and  future  requirements  and  their  solutions 
will  truly  be  one  of  the  largest  benefits  the  tactical  forces  can  gain  from  our  space 
efforts. 
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N.  w,  I  would  like  to  go  bark  to  my  earlier  reference  to  "new  frontier*"  and  the  point 
that  new  frontier*  don't  replace  old  frontiers  --  the  new  one*  just  add  to  responsibi¬ 
lities  and  make  the  solution*  more  complex. 

For  example,  as  with  the  other  three  frontier*,  there  is  competition  for  the  advantage 
in  the  space  frontier.  F.ach  year,  as  you  well  know,  the  Soviet  launch  four  to  five  times 
as  many  spacecraft  as  we  do  and  the  military  use  of  space  dominate  the  Soviet  Space 
Program.  This  is  no  surprise  since  the  space  frontier  offers  significant  military 
leverage  if  exploited.  let  me  digress  for  a  moment  to  talk  about  how  their  use  of 
space  affects  us. 

First,  the  Soviets  have  fielded  a  number  of  space  based  sensors  which  give  them 
significant  information  about  our  operations.  For  example,  such  a  concept  as  dispersing 
airplanes  is  probably  an  idea  for  the  past.  Therefore,  if  our  airplanes  are  to  survive 
when  they  are  on  the  ground,  it  is  more  likely  to  result  from  the  protection  offered  by 
hardened  shelters  than  by  trying  to  relocate  them.  And  second,  because  of  the  militant 
approach  with  the  Soviets  appear  to  have  taken  in  their  space  groqram,  it  makes  us  have 
to  remain  very  timid  about  building  our  combat  capability  upon  "space  only”  critical 
nodes.  Its  akin  to  the  arqument  about  manual  operations  versus  computer  operations; 
what  do  you  do  when  the  computer  breaks  down?  If  you  are  in  business,  the  answer  to 
that  question  has  one  ,-»t  of  implications;  if  you  are  at  war,  the  implications  are 
altogether  different  u.d  significantly  more  grave.  Likewise,  placing  all  of  our  eggs 
in  the  space  basket  in  the  face  of  the  Soviet's  potential  for  breaking  those  eggs  is 
simply  a  step  which  I  could  not  recommend  at  this  time.  We  are  however  developing 
an  anti  satellite  weapon  so  that  we  will  have  a  deterrent  to  the  Soviet  space  based 
t  hreat . 

The  ASAT  Missile,  about  18  feet  long,  will  be  carried  by  F-15  fighters.  Thus  we  come 
full  circle.  A  weapon  is  launched  from  an  old  frontier  to  defend  the  new  frontier  and 
the  capabilities  of  the  new  frontier  make  our  old  ones  better.  As  I  stated  earlier,  the 
rid  frontiers  don't  go  away  -  they  lust  get  more  complicated. 

As  we  have  seen,  there  are  obvious  benefits  to  be  gained  by  tactical  air  forces  from  the 
use  of  the  space  frontier  -  and  that  does  not  necessarily  mean  manned  space  forces.  The 
unparalleled  Increases  in  our  capabilities  to  communicate,  observe  global  weather,  support 
search  and  rescue,  maintain  surveillance,  navigate  precisely,  and  develop  new  technology 
have,  indeed,  been  impressive. 

Put,  I  cannot  emphasize  too  strongly  --  the  need  to  integrate  these  space-related 
capabilities  with  those  "old  frontier’  capabilities.  This  must  be  done  so  that  those 
things  that  are  done  most  effectively  on  land  --  are  done  on  land.  Similarly,  those 
things  that  are  done  most  effectively  at  sea,  or  in  the  air,  or  in  space  are  done  in 
those  "frontiers".  My  experience  to  date  shows  that  tactical  users  and  space  developers 
need  to  do  a  better  job  of  completing  the  architecture,  hardware,  and  infra-structure 
which  turns  a  new  capability  into  an  effective  weapon  or  weapons  support  system.  We 
are  working  hard  in  that  regard,  but  we  still  have  a  long  way  to  go  and  much  to  learn. 

From  a  tactical  standpoint  the  most  challenging  aspect  of  seeing  a  new  frontier  develop 
is  to  ensure  space  information  and  services  remains  compatible  with  existing  frontiers. 
That  is  what  we  have  had  to  learn  to  do  successively  as  we  moved  from  land  -  to  the  sea 
-  and  into  the  air  in  the  past.  Similarly,  it  is  critical  that  we  as  nations  of  the 
alliance  stand  shouder-to-shou lder  --  so  that  our  forces  can  INTEROPERATE  effectively 

in  the  future  just  as  we  have  worked  hard  to  have  them  do  that  today. 

Another  challenge,  and  this  one  will  not  be  easy  to  meet,  is  to  resolve  relative 
priorities  so  that  money  spent  for  defense  will  yield  the  most  results.  A  new  frontier 

does  not  mean  there  is  more  money  available,  it  just  means  there  is  more  competition  for 

programs  in  the  budget.  The  measure  of  merit  must  remain  one  of  determining  the 
contribution  expected  of  new  systems. 

As  members  of  the  defensive  forces  of  NATO,  we  are  ultimately  responsible  to  our 
citizens  for  the  manner  In  which  we  spend  their  tax  monies.  With  our  every  effort,  we 
must  remain  aware  of  cost  effectiveness  --  of  how  we  can  do  the  job  right,  --  and  keep 
COSTS  to  a  minimum. 

The  ability  of  our  combined  forces  to  operate  freely  in  space  is  essential.  While  we 
lag  in  the  military  application*  of  space,  be  assured,  the  Soviets  will  be,  and  are, 
actively  pursuing  space  as  the  high  ground.  They  are  working  hard  at  it,  and  the 
military  use  of  space  dominates  their  efforts. 

Their  primary  goal  is  to  achieve  a  dominant  role  in  space.  This  we  should  not  allow. 

We  have  accomplished  much  to  date.  But  we  have  much  left  to  do  to  integrate  ground,  tea, 
air,  and  apace  into  complementary  mediums  which  beat  serve  our  common  goal-world  peace. 

Research  and  developatent  is  needed  to  tell  ua  how  best  to  go  about  that  task. 

I  applaud  and  support  your  efforts  to  proisote  rsaearch  and  development  for  defense  of 
the  NATO  community  and  wish  you  great  success  in  this  conference. 
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OVERVIEW 

Military  commun  i  ca  t  i  on*  satellites  today  play  a  vital  role  in  the  successful 
operation  of  It.  f, .  worldwide  command  and  control  gysteas.  They  support  strategic 
lorces  with  nuclear  capabi 1 i t i es .  as  well  as  tactical  air.  ground,  and  fleet 
operations,  the  intelligence  community,  and  defense  wideband  coisun 1 ca t i ons  systems 
With  application  of  new  and  evolving  technologies,  future  communications  satellites  are 
expected  to  provide  even  more  improved  communications  services  and  performance. 

To  be  consistent  with  the  theme  of  the  symposium  on  “Space  Systems 
Appl  lcations  to  Tactical  Operations."  conducted  in  October  1983.  the  communications 
requirements  of  tactical  users  of  U.  S.  Military  Satellite  Commun i ca t i ons  (MIL5ATC0M) 
systems  are  discussed  first  in  this  paper,  and  present  MILSATCOM  systems  are  then 
briefly  described.  In  recognition  of  known  threats  to  satellite  communications 
systems,  the  deficiencies  in  tactical  military  satellite  communications  are  outlined 
Then  developing  and  planned  MILSATCOM  systems  and  the  benefits  of  increased 
survivability  expected  to  be  achieved  by  interoperability  and  internetting  are 
discussed  Finally,  evolving  technologies,  especially  in  the  new  communications  band 
extremely  high  frequency  < EHF )  .  and  their  potential  payoffs  are  described. 


REQUIREMENTS  FOR  TACTICAL  SATELLITE  COMMUNICATIONS 

The  Conventional  Forces  of  the  Air  Force,  Army.  Navy,  and  Marine  Corps  engage 
in  land.  sea.  and  tactical  air  operations  ranging  from  single  service  crisis  missions 
to  joint  task  force  operations.  These  forces  are  classified  as  tactical  and  thus  their 
satellite  communications  requirements  are  emphasized  in  this  paper.  The  requirements 
for  the  tactical  missions  include: 


o  Communications  among  forces  within  and  between  theaters 
o  Ship  to  shore/ship  to  skip  communicat ions 
o  Theater  trunking  for  ground  mobile  forces  (CMP ) 
o  Communicat ions  support  to  allies. 


In  each  case,  the  communications  may  take  the  form  of  voice,  facsimile,  or 
data  with  the  data  rates  as  indicated.  Typical  data  rates  are: 


Tactical  Single  Channel 
Manpack 

Fleet  Operations 

Air  Operations 

Theater  Trunking  for  GMF 


7b  to  2400  bps 
7b.  300.  2400  bps 
7b  tc  4  X  2400  bps 
7b  to  2400  bps 

7b  to  2400  bps.  lfc.  32.  or  48  kbps 


In  considering  future  tactical  needs,  conventional  forces  require 
;am  resistant,  secure,  and  reliable  commun i ca t i ons  with  a  low  probability  of  intercept 
and  with  high  electronic  survivability  among  a  large  number  of  mobile  users. 


CURRENT  MILSATCOM  SYSTEMS 


FLTSATCOM 


The  Fleet  Satellite  Communications  (FLTSATCOM)  system  provides  worldwide,  high 
priority  communications  between  naval  aircraft,  ships,  submarines,  ground  stations,  the 
Strategic  Air  Command,  and  the  National  Command  Networks.  Each  satellite  has  2) 
communications  channels  in  the  ultra  high  frequency  (UHF)  band.  Ten  of  the  channels 
are  used  principally  by  the  Navy  tor  tactical  communications  (shown  by  the  hatched  area 
in  Figure  1)  amonq  its  worldwide  land.  sea.  and  air  forces,  while  12  other  channels 
aboard  each  spacecraft  are  used  principally  by  the  Air  Force  as  part  of  its  satellite 
system  for  command  control  of  nuclear  forces.  A  single  boo  kHz  channel  is  allotted  to 
the  National  Command  Authority.  The  fleet  broadcast  channel  on  each  satellite  has  jam 
resistance  provided  by  its  super  high  frequency  (SHF)  pseudo  noise  uplink  from  Naval 
Communications  Stations. 

Naval  forces  are  provided  with  a  variety  of  tactical  communications  services. 
The  fleet  broadcast  channel  (Channel  1)  is  a  oneway  shore- to- ship  channel  with  no 
report  back  capability.  This  2b  kHz  channel  supports  e  time-division  multiplexed 
broadcast  at  1200  bps.  Channels  2  through  10  all  have  bandwidths  of  2b  kHz  and  provide 
flexible  selections  of  communications  services.  The  Air  Force  portion  of  FLTSATCOM 
consists  of  twelve  b  kHz  channels,  capable  of  providing  7b  bps  teletype  signals.  Some 
of  these  channels  can  also  support  other  narrowband  communications. 


At  my  '.n't  i-'Jl  ('rnnmiinirai  ion6  are  supported,  on  an  as  required  basis,  within 
KH?  channel  .  within  the  FI.TSATCOM  JS  kHz  <~hannel6.  or  within  the  AFSATCOM  s  kH2 
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Figure  1.  FLTSATCOM 


AFSATCOM 


The  Air  Force  Satellite  Communications  ( AFSATCOM )  systen  is  designed  primarily 
to  provide  command,  control,  and  communications  capability  to  designated  high  priority 
users  (or  Emergency  Action  Message  ( EAM )  dissemination.  Joint  Chiefs  of 
Staff /Commanders  in  Chief  internetting,  force  direction,  and  force  report  back. 

AFSATCOM  is  a  very  low  capacity  system  consisting  of  narrowband  dedicated  channels 
designed  for  teletype  use  (7S  bps).  As  such,  the  AFSATCOM  is  limited  in  capability  to 
provide  tactical  communicat ions  services.  Figure  2  schema t 1 ca 1 ly  depicts  the  major 
communicat ion6  links  of  the  system. 


.  COMMUNICATION  PACKAGES 
ON  HOST  SATELLITES 
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Figure  2.  AFSATCOM 
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Th*»  Kpqment  of  t  h«»  AP5AT<'oM  system  consists  of  four  typ*K  of  T  ransponder  b 

rarried  on  different  host  s  a  t  e  i  l  i  t  e  s  .  including  FLTSAT^rjM  and  DSCS  11!.  which  is 
desctibed  in  .1  following  portion.  Farh  of  the  four  synchronous  PLTSATOoM  satellites 
Will  provide  the  Air  Force  one  S00  KHz  and  twelve  s  KHz  channels  The  transponder 
packages  on  other  ho6t  satellites  provide  a  backup  EAM  d i seen i na f i on  capability  to 
increase  the  physical  survivability  of  the  APSATCOM  system.  As  a  part  of  APSATCOM.  a 
Single  Channel  Transponder  (SrT)  payload  is  integrated  into  DSCS  III  for  secure  and 
reliable  dissemination  of  the  FAM  and  Single  Integrated  Operational  Plan  (SIOP) 
communicat ions  from  worldwide  command  post  ground  stations  and  aircraft.  The  SOT 
operates  at  either  SHF  or  UHP,  relaying  command  and  control  communications  from  ground 
and  airborne  command  posts  to  the  SIOp  forces. 

DSCS  I  l 


The  Defense  Satellite  Communications  System  Phase  II  (DSCS  II)  provides 
tactical  communications  to  service  naval  ship  to  shore  and  fJMP  requirements,  as  shown  by 
the  hatched  areas  in  Figure  1.  Naval  communications  are  supported  only  for  capital 
ships.  c, HP  commun i ca t  i ons  are  in  theater  tactical  trunking  and  point  to  point 
multichannel  voi ce/f ax /data . 
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Figure  1.  DSCS  II 


The  DSCS  II  has  been  designed  To  provide  long  distance  wideband  communications 
between  major  military  locations.  With  two  narrowbeaa  antennas  and  an  earth  coverage 
antenna,  a  wide  variety  of  wideband  trunking  terainals  can  be  served.  These  include 
Defense  Coaaunicat ions  Systea  (DCS)  tcunking  services,  naval  ship  to  shore 
coaaunicat  ions  terainals.  GMF.  dlploaatic  t  e  1  ecoaaunica  t  ions  services,  and  Allied/NATO 
services.  There  are  four  channels,  with  bandwidths  of  12S.  SO,  IBS,  and  SO  MHz.  with 
interconnections  between  narrowbeaa  antennas  and  Che  earth  coverage  antenna,  which  allow 
adaptation  of  services  to  particular  regui reaents .  DSCS  II  provides  1100  two  way  voice 
circuits  or  approximately  100  Mbps. 

DSCS  1 1 1 


A  giaballed  dish  antenna  has  been  Incorporated  into  DSCS  III  specifically  to 
support  GMF  operations.  Ships  at  sea  will  also  use  the  multiple  besa  antennas  and  beaa 
toralng  networks.  Both  will  enjoy  aore  tailored  SATCOM  services. 

Significant  features  of  DSCS  III  (shown  in  Figure  4)  are  the  multiple  beams, 
diverse  besa  forming  capability,  and  the  SCT.  The  receive  multiple  beam  antenna  (MBA) 
contain!  41  beams  which  can  provide  diveree  beea  pstterne  through  a  bee a  foraing 
network,  providing  increased  uplink  entijea  (AJ)  capability.  The  transmit  MBA  contains 
19  spot  beams.  When  ell  beeae  ere  enabled,  the  result  is  earth  coverage.  SHF  transmit 
and  receive  horns  provide  an  additional  earth  coverage  pattern.  DSCS  III  has  six 
channels  with  bandwidths  of  BS.  SO.  and  40  MHz. 
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THHKATS  T<  I'.ATKI.LITE  i'OWUN  I  CAT  IONS  SYSTEMS 

Figure  S  displays  "why  we  need  to  think  survivability."  especially  in  t  ime  of 
r  r  i  s  1 6  As  depicted  in  this  figure,  U.  S.  communications  satellite  systems  are 

susceptible  to  a  significant  number  of  threats.  In  the  case  of  enemy  lamming,  several 
possibilities  exist  ror  countering  this  enemy  mission  Pot  satellite  communications 
links,  the  use  of  EHF .  on  board  processing  and  adaptive  antennas  are  especially 
important  for  protecting  small,  mobile  terminals.  These  technigues  tend  to  neutralize 
the  power  advantage  of  large  jammers.  Also,  the  higher  freguencies  are  less  susceptible 
to  propagation  disruption  by  nuclear  events. 


Pigure  S. 


Threats  to  Satellite  Communicat ions  Systems 


Thprt»  are  a  number  of  strategies  to  counter  the  effect  of  a  physical  attack  on 
■jrouml  or  spare  segments  Such  a  threat  can  vary  from  local  sabotage  to  massive 
Jest  ruction,  depending  on  the  level  of  conflict.  However,  the  most  cost  effective 
method  of  assuring  a  secure  communications  service  is  to  use  network  redundancy  to  the 
maximum  extent  possible  An  approach  currently  in  development  stages  is  discussed  in  a 
I'  r ->  r  eed  i  nq  section  of  this  paper 

!iKM>‘  IKNf'l  Es  IN  TA<'TI<AL  M  I  l.GATVOM  SERVICES 

As  discussed,  today's  MILSATCOM  systems  serve  many  important  military 
functions,  and  they  have  evolved  to  meet  specific  user  needs  for  improved 
r  >mmun i cat i ons .  FLTSATCOM  provides  limited  tactical  communications  services  to  military 
users.  AFSATCOM  satellites  primarily  serve  the  Nuclear  Capable  Forces.  DSCS  II  and 
I’Si'tt  III  are  wideband  repeaters  which  operate  mostly  with  large  terminals  at  SHF.  These 
current  MILSATCOM  systems  are  not  capable  of  satisfying  all  tactical  communications 
r  egu  i  r  erne nt  s  . 


Some  MILSATCOM  <le  f  i  c  i  enc  i  es  are  listed  below: 

o  Insufficient  capacity 

o  Low  jam  resistance 

o  High  vulnerability  to  interception 

o  Poor  physical  survivabilty  of  satellites  and  terminals 

o  Insufficient  service  duration 

To  reduce  these  deficiencies  to  the  level  of  accept ab i I i t y .  new  military  commun i ca t i ona 
satellites  are  being  planned.  MILSTAR.  scheduled  to  be  deployed  in  the  late  1980s,  is 
the  next  generation  satellite  program  designed  to  service  both  the  strategic  and 
tactical  forces.  MILSTAR  will  provide  more  reliable  and  effective  communications 
through  the  use  of  F.HF  and  advanced  techniques,  which  will  defeat  potential  enemy 
lamming  Also.  an  advanced  future  DSCS  with  both  SHF  and  RHP  channels  is  being  planned, 
to  increase  communicaf ions  capability  and  )an  resistance  for  wideband,  long  haul,  and 
inter  intra  theater  relay  services. 


FUTURE  MILSATCOM  SYSTEMS 


MILSTAR  SYSTEM 

The  MILSTAR  system  is  designed  to  be  reliable  and  operational  for  both  tactical 
and  strategic  forces  worldwide  during  all  levels  of  conflict.  Equipped  with 
jam  resistant  EHF  transponders,  on  board  signals  processing,  orbital  crosslinks,  and 
nuclear  hardened  electronics.  MILSTAR  satellites  will  be  a  strongly  protected  U.  S. 
satellite  system  against  any  jamming  or  physical  attack.  MILSTAR  ground  stations  and 
user  terminals  will  also  be  more  mobile  and  survivable  than  existing  systems.  A 
schematic  of  the  system  is  shown  in  Figure  6. 

.  WIDE  BANDWIDTH 
•  NARROW  ANTENNA  PATTERNS 


•  SMALL  MOBILE  TERMINALS 


Flgura  6.  MILSTAR  Syitaa 
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The  Mil, STAR  sysipa  c  high  A.l  capability  in  a  result  of  employing  the  higher  RHP 
ban.t  44  GHz  uplink  and  20  GHz  downlink  The  qreater  bandwidth  available  at  RHP 
permits  the  use  of  spread  spertrum  and  frequency  hopping  techniques  across  a  2  GHz 
range  In  contrast,  APSAT  is  limited  to  a  very  narrowband  hopping  range.  Typical 
Mil. '.'.TAR  data  rates  are  7*>.  1200.  and  2400  bps. 

PUTIIRR  WIDEBAND  ‘.IRRVD'E 

As  stated,  planning  has  begun  on  a  future  list's  with  SHP  and  RHP  channe  1  l  z  a  t  i  on 
t  ..  provide  widepard  services,  including  tactical  communi  ca  t  i  ons  in  the  1990s  (Figure 
7  The  future  wideband  satellite  will  provide  lonq  haul  support  commun i ca t i ons  for 
user  commmun i t i es .  such  as  the  Defense  Switched  Network  (Autovon,  Autosevocom.  Autodin. 
etc  '  and  the  (IMP  Tata  rates  as  high  as  20  Mbps  are  anticipated,  but  lower  data  rates 
it  2400  bps.  It.  kbps,  ur  <2  kbps  will  also  be  accommodat  ed .  serving  users  within  and 
bet  ween  t  heat  er  s 


Figure  7.  Puture  Wideband  Service 


Resistance  to  jamming  may  be  achieved  by  the  M1LSTAR  RHP  technologies  such  as 
adaptive  antennas,  frequency  hopping  spread  spectrum,  and  on  board  processing.  Narrow 
antenna  beams  and  spread  spectrum  may  also  be  used  to  provide  a  low  probability  of 
intercept.  Cross  banding  of  GMP  multiple  channel  users  may  be  deBired.  In  addition, 
the  system  may  establish  global  network  coverage  via  wideband  crosslinks  with  multiple 
downlinks  to  the  continental  United  States  (CONUS). 


SURVIVABLE  INTEROPERABLE  NETWORKS 
INCREASED  SURVIVABILITY  IN  INTERNETTING 

At  Air  Porce  Systems  Command  Space  Division.  Los  Angeles  Air  Porce  Station, 
personnel  on  several  satellite  programs  are  exploring  EHF  to  provide  survivable  links. 
With  the  EHP  band,  common  waveform  format,  and  other  common  link  standards,  these 
satellite  programs  can  be  internetted  to  allow  communications;  tracking,  telemetry,  and 
command  (TT4.C);  and  mission  data  to  be  routed  through  a  variety  of  systems.  In  this 
concept,  data  are  data.  System  survivability  is  increased  by  having  interoperability. 
Communications  terminals  and  TTfcC  terminals  provide  backup  systems  for  each  other. 

Also,  use  of  various  terrestrial  links  to  augment  the  system  can  ensure  that  the 
internetted  system  is  even  more  survivable. 

FUTURE  SATELLITE  SYSTEMS 

Figure  8  is  a  summary  schematic  of  the  discussions  in  this  paper:  internetted 
space  and  terrestrial  systems  for  survivability. 

Puture  military  satellite  systems  are  expected  to  have  Interoperability 
wherever  possible  in  order  to  provide  alternate  links,  thus  providing  connectivity  and 
survivability. 

U.  S.  national  policy  requires  that  the  capability  for  command,  control,  and 
communications  endure  a  protracted  nuclear  war.  This  policy  demands  a  resilient  network 
that  will  sustain  significant  damage,  continue  to  function  at  a  reduced  level,  and 
permit  connectivity  to  be  restored. 


~~77Ta 


Figure  8.  Future  Satellite  Systems 


Military  space  planning  must  point  toward  a  broad  network  that  embraces 
numerous  military  satellite  and  terrestrial  nodes  and  can  be  interconnected  with 
commercial  systems  where  warranted.  The  network  must  provide  service  to  various  fixed 
and  mobile  users  and  should  be  flexible  enough  to  operate  through  all  the  levels  of 
conflict.  crosslinks  are  also  important  to  reduce  dependence  on  fixed  ground  stations 

USK  OF  TECHNOLOG  IKS 

development  and  implementation  of  an  EHF  system  such  as  MILSTAR  are  an 
unegualed  technology  challenge.  Fortunately,  significant  and  extensive  developmental 
experience  has  been  gained  through  the  use  of  LES  8/9  spacecraft  (Lincoln  Experimental 
Satellite),  demonstrating  space  gualified  EHF,  on  board  processing,  UHF  EHF  crossbanding 
and  sate  lite  to  satellite  crosslinking 

Major  development  efforts  include: 

o  Common  waveform  design,  providing  interoperability  and  enhanced 
survivability 

o  Advanced  adaptive  antennas,  providing  uplink  nulling  and  steerable 
down  links 

o  On  board  processing  for  increased  capacity  and/or  anti  jam 

o  Solid  state  devices  for  increased  power  amplifier  reliability 

o  Satellite  to  satellite  crosslink  technology  (60  GHz  and  Lasercom) 
o  Autonomous  spacecraft  operation 

o  ‘Low  cost"  small  EHF  terminals  (a  technological  challenge) 

Potential  payoffs  resulting  from  the  use  of  these  technologies  are  listed  below 
and  indicate  that  the  reguirements  for  tactical  satellite  communications  will  be 
satisfied  in  the  future: 

o  Enhanced  survivability 

o  Anti  jam,  increased  capacity,  freguency  reuse 

c  Multiple  access,  antijam.  antiscintillation,  crosslinks 

o  Reliability,  endurance,  cost 

o  Protection  from  ground  based  jammer  threats 

o  High  data  rate  capability,  low  probability  of  intercept,  antijam 
SUMMARY /MI LSATCOM  ARCHITECTURE 

Figure  9  is  a  summary  review  chart  of  future  projections  with  respect  to 
satellite  communications  in  support  of  tactical  users.  As  stated,  current  U.  S.  systems 
evolved  from  specific  user  needs.  D8C8  provides  communications  service  for  fixed  and 
transportable  terminals,  and  extends  mobile  service  to  a  limited  number  of  ships  and 
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Figure  9.  MltSATCOM  Architecture  Summary 


aircraft  ASPSATCOM  on  the  host  satellites  provides  a  channelized,  low  data  rate 
service  supporting  nuclear  capable  forces,  including  boabers.  missiles,  submarines,  and 
theater  nuclear  weapon  systems.  PLTSATCOM  supplies  a  channelized  service  with  a  low 
data  rate  for  tactical  mobile  units.  It  is  used  for  Navy  Fleet  operations  and  the  U.  S. 
central  command  for  contingency  operations.  f.EASAT,  the  follow  on  to  FXT5AT.  will 
primarily  serve  rhe  Navy,  plus  some  Air  Force  and  ground  forces  stobile  users.  The 
l-EASAT  user  population  is  basically  the  same  as  that  for  FLTSAT . 

In  the  1990s.  HILSTAR  with  UHF/EHF  will  be  the  communications  satellite  for 
tactical  users  and  will  serve  as  the  focal  point  for  development  and  transition  to  the 
internetted  system.  To  achieve  the  goals  of  this  KtLSATCOM  architecture,  an 
evolutionary  approach  is  planned. 
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SlWMAPY 

I r.  our  *nrk  in  cooperation  with  the  U.S.  military  departments  and  agencies  on  the  development  of  a 
Worldwide  Digital  System  Architecture  (WWOSA)  for  the  U.S.  Department  of  Defense  (DoD),  we  established 
la  key  features  for  the  WWPSA  qoal  architecture.  One  ot  those  key  features,  all  of  which  have  been 
approved  by  the  U.S.  Joint  Chiefs  of  Staff  (JCS)  for  planning  purposes,  is  the  expanded  and  integrated 
use  ot  satellite  communications  in  the  support  of  both  'trategic  and  tactical  defense  missions.  Under 
the  WWPSA  concept,  satellite  connectivity  will  be  available  on  an  as  needed  and  near  instantaneous  basis 
through  the  use  of  Demand  Assignment  Multiple  Access  (DAMA)  without  overtaking  satellite  capacity. 
Satellite  communications  will  be  used  not  to  replace  but  to  complement  the  other  means  of  connectivity; 
in  some  cases  satellite  comnumcat  ions  will  be  used  only  when  no  other  means  of  suitable  connectivity 
are  available  as  for  restoral  of  damaged  terrestrial  links  or  for  provision  of  temporary  video  circuits. 
A  I arqe  number  of  small  satellite  earth  terminals,  with  an  effective  integrated  satellite/terrestrial 
transmission  control  system,  would  allow  satellite  communications  to  be  truly  integrated  with  other  com¬ 
munications  media  to  provide  increased  survivabi I ity  and  more  effective  support  of  tactical,  strategic 
and  defense-wide  operations. 


INTRODUi.l  ION 

The  Defense  Connun icat ions  Agency  (OCA)  was  tasked  by  the  U.S.  Office  of  the  Secretary  of  Defense 
(OSD)  to  take  the  lead  in  the  development  of  a  Worldwide  Digital  System  Architecture  (WWDSA)  to  serve  as 
an  umbrella  for  all  DoO  te leconmun icat ions  architectures  and  to  provide  guidelines  for  increasing  the 
survivability  and  interoperability  of  OoD  te lecoflmunicat ions  systems.  The  WWDSA  was  developed  by  DCA 
and  the  WWDSA  working  Group;  the  Working  Group  was  made  up  of  representatives  from  the  Military 
Departments  and  Department  of  Defense  (DoO)  Agencies.  WWOSA  applies  to  virtually  all  geographically 
separated  tactical,  strategic,  and  defense-wide  DoO  telecommunications,  and  to  both  U.S.  government- 
owned  and  leased  comnunicat ions  facilities  and  services. 

WWPSA  can  be  described  by  the  14  key  features  shown  in  Figure  1  (see  Reference  1).  These  key 
features  have  been  approved  for  planning  purposes  by  the  U.S.  Joint  Chiefs  of  Staff  (JCS).  One  of  the 
features,  WWOSA  Feature  l,  specifies  the  expanded  and  integrated  use  of  satellite  communications 
(SATCOM),  including  the  use  of  small  satellite  terminals  and  demand  assignment  multiple  access  (DAMA)  at 
all  switching  nodes  serving  critical  command  and  control  users. 

This  paper  describes  how  WWOSA  Feature  l  can  provide  integrated  satellite  comnunications  support  of 
tactical  operations.  The  paper  represents  the  views  of  the  author  and  not  necessarily  those  of  DCA  t- 
the  Department  of  Oefense. 


FIGURE  I  --  WWDSA  FEATURES 


A  --  Access  to  many  sources  of  connectivity 

B  --  Ability  to  use  many  sources  of  connectivity 
Intel  1 Igently 

C  --  Modularly  expendible  switches 
0  --  Interconnected  voice  and  data  networks 
E  --  Improved  Intra-network  system  control 
F  --  Tandem  switching  capability 
G  --  Multirate  capability  among  rircult  switches 


H  --  Enhanced  ^.4  kbps  secure  voice  surv i vab 1 1 1  ty 

1  --  High  quality  16  kbps  secure  voice 

J  --  Common  proliferated  key  distribution  system 

K  --  End-to-end  encryption  for  classified  data 

L  --  EXPANDED  ANO  INTEGRATED  USE  OF  SATELLITE 
COMMUNICATIONS 

M  --  Improved  inter -network  system  control 
N  --  Use  of  common  standards 


COMMUNICATIONS  SUPPORT  OF  TACTICAL  0 (ORATIONS 

All  types  of  military  operations  require  comnunications  support  that  is  responsive  to  changing 
requirements  and  as  survlvable  as  the  persons  or  machines  who  use  the  communications  (Reference  ?). 
Communications  In  support  of  tactical  operations,  as  compared  to  those  in  support  of  other  types  of 
military  operations,  require: 

o  Increased  transportability  o  Greater  responsiveness 

o  More  ruggedness  o  Ability  to  operate  in  a  dlff (cult-to-predict  and 

o  Simpler  operation  highly  competitive  frequency  spectrum  environment 


«.  t  it  ii  i  .1 T  ii<ns  dn  not  ordinarily  » -pi*  rate  <njt  of  t  ncd  %it«*s  ,j%  qi»  def en*,e- w  1  de  and  many 

•  i  »«mi,r  l*  .it  \  i  ins  .  Most  tail  Hal  i  itnmunii  at  Win',  equipment  Dust  hr  portable,  moh  i  1  p  ,  or  at  least 

•  .i.'tv  t  *■  an  -.pi  i  t  V‘  1  *■  because  of  t  h»>  requirement  to  support  military  forces  (hat  do  v<  it  operate  out  of 

t  ,v»*’s.  r  ,,»■  t  her  %  tactual  (  ornnmn  if  at  ions  facilities  do  not  ordinarily  provide  the  off  ire 
«  •  ■*  '  *  .  firnt  r  (  feat  i  •.  avail.!*  le  to  of  her-  typo',  uf  r.onvnun  u  at  ions,  so  tactual  r  ommun  u.  at  1  nos  equipment 

!’••  i!  1»  to  w’th\?and  \evere  weather  and  other  environmental  extremes.  Tactual  cummuri  u  at  ions  must 
1  *  •  q  ■  *  t  ■  set  -.p,  simple  t<  operate,  and  capable  of  responding  to  a  wide  range  of  possible  tonmuhica- 

t  u  no.  in  the  support  of  ♦actual  operations  (Reference  3).  And  because  it  is  often  not  possible 

t.  p*-i;'ut  o  ’  v  ♦  at  if  advant  e  whei  e  t  at  t.  it  a  1  f  m  .  i  '  will  be  deployed,  f  r«  luency  spectrum  management 

t-e  (  di-  d  i  f  t  »**  e  M  t  1  y  than  fo»  fixed  c  onuiijf.  it  a  t  u»ns  systems. 

‘>>  hi  i-  i  <  >Pi?\,n  u  at  i  •■.is  are  p>  ov  i  u  .•  ,  a  variety  of  t  r  ,*r»sm » s\ ton  mt-i'  ’  a  »  nr  1  ,vd  )  g 

‘t*  »nq-.!,t  **’*e%  and  rabies  n  Tropospheru  siatter  links 

•and-heui  and  ve‘>  u.  1  e -TtMjnt  ecj  ti  •  ■  wave  radios  o  Mobile  and  t  r  anspor  t  ah  1  e  high  frequency  radios 
v  e -i  f :  got  mu  rewave  relay  towers  u  •  ranspor  t  at>  1  e  satellite  cocmun  i  r  at  ions  terminals 

»  >  ♦  -.  af,d  <  a:..es  .n  •  used  where  practical  to  p;*i«ide  son**-  p  r « f  t . t  i  ,u  against  interception  and  to 

t  h*  r  jo  i  ii  frequency  spectrum.  Included  in  the  caf»gory  of  cables  are  fiber  optics,  which  is 
orT,'-(;  -'-t.  ijs»  n  more  rapidly  than  had  b»*en  expected.  Microwave  communications  such  as  hand-held 
,»f  d  vr*u  e-mounfed  '.idles  have  proven  their  value  on  the  battlefield,  although  problems  exist  in  toe 
i»i.i  it  sprit  turn  management.  ,  me--  f -sight  11  OS)  microwave  relay  towers  extend  the  range  of  microwave 

•  vr-nn  u.  at  i  ms ,  hut  they  must  be  protected  against  physical  damaqe.  Tropospheric  scatter  links,  which 

u  *  Mtie  thaf  .u'.  and  are  more  vulnerable  to  jamming,  ran  join  locations  separated  by  100  xm 

i'd  mme.  mqh  frequent  y  *  *F  )  radios  have  been  used  to  support  tactical  operations  for  years,  and  they 
•* *  s  t  l  5  i  useful  even  t houqh  they  are  bulky,  difficult  to  secure,  easy  to  jam,  and  they  operate  in  an 

“v  i  •  wdf-d  part  f  the  frequency  spectrum.  Satellite  communications  are  relatively  new  to  the 

•  ,»t !  1  »*f  i  •  d ,  f  .t  tn»y  fi.i.i*  proven  themselves  tn  be  quite  useful  fur  high  quality,  long  haul  cooinunica- 

t  •  f  s .  ’h#»y  are  normally  r.ed  for  pn i nt -t o -po i nt  C  oinnun  i  c  at  ions  over  d’stancps  greater  than  3  00  xm. 


►  i  >v  v it;-  hV  ;n*u>ath-i  ..\t  m  sATu.m  iommunkat ioni> 

’ei  r-r .  iloqu.  a  1  ad  van*  es  d*»  i !  lowing  the  introduction  of  satellite  conmun  teat  ions  features  that  will 
inife.v.e  the  level  r.f  satellite  c  ummun  i  c  a  t  ion '  s  support  to  tactical  operations  (Reference  4).  Among  the 
*  «  w  !♦  it  urns  are: 


Operation  at  higher  frequencies 
better  beam  Control 
*mpr,v»*d  ant  t  *  j  am  *  apab  i  1 1 1  y 
increased  mobility 


o  Digital  equipment  and  operation 
better  power  control 
improved  anti -jam  capability 
-  more  flexibility 

increased  reliability 

lower  human  resource  requirements 


net  t  r*  beam  <  i-ntr'.l  on  new  c  oiifnun  u.  at  ions  satellites  allows  service  to  smaller  terminals  and  spacial 
d  »S(  i  i  m*  f.at  i .  »i  against  unwanted  signals.  Better  beam  control  i,n  satellite  earth  terminals  provides 
higher  qair  f "f  small  antennas  and  allows  Spatial  discrimination  to  filter  out  unwanted  signals  and  to 
reify  e  tne  probability  of  intercept.  An  improved  anti-jam  capability  is  possible  because  the  increased 
t • arsponrte*  and  earth  terminal  throughput  at  higher  frequencies  allows  higher  protection  through 
spread-spec  tr  u*  teihr.iques,  adding  to  the  improved  rejection  of  jamming  signals  due  to  beam  control. 

reased  mobility  results  from  the  smaller  si/es  of  antennas  and  other  equipment  possible  at  the  higher 
«reqi,en<  1*S. 


ig’tal  equipment  and  operation  maxe  satellite  on-board  processors  practical.  Onbuard  processors, 
in  turn,  eliminate  the  problem  of  maintaining  a  delicate  power  balance,  make  beam  control  practical,  and 
provide  much  better  anti-jam  protection,  on-board  processing  greatly  increases  the  flexibility  of 
satellite  operation,  and  makes  practical  a  sophisticated  form  of  demand  assignment  multiple  access 
■  DA! MA ; .  ’he  use  of  OAMA  will  allow  the  resources  of  a  satellite  to  be  allocated  more  efficiently  among 
occasional  *’r  intermittent  users  (Reference  S).  The  use  of  digital  circuitry  both  in  satellites  and  at 
earth  t erm «nals  greatly  enhances  equipment  reliability  and,  at  the  earth  terminals,  sigmf leant ly 
reduces  personnel  and  other  O&M  costs.  These  new  features  will  substantially  improve  the  ability  of 
satellite  communications  to  Support  the  tactical  mission. 

The  Ground  Mobile  Forces  Satellite  Communications  Program  (GMFSCP,  Reference  6),  which  uses  the 
newest  version  of  the  Defense  Satellite  Communications  System  (i.e.  DSlS  III,  Reference  /)  and  MIcSIAR 
(Reference  Ft),  will  facilitate  the  use  of  satellite  comnun  i  cat  ions  to  support  tactical  operations.  The 
GtffVP  should  provide  a  capability  for  small  satellite  terminals  and  at  least  limited  demand  assignment 
multiple  access  (DAMA).  Next  generation  communications  satellites,  if  they  are  to  satisfy  the  HWOSA 
requ irement s,  should  provide  an  enhanced  DAMA  capability  and  highly  integrated  tactical  operations 
Support . 

Operation  at  higher  radio  frequencies  makes  it  practical  for  satellite  earth  terminals  with  antenna 
apertures  as  small  as  a  square  meter  to  be  made  available  to  key  personnel  at  all  times  to  help  assure 
survivable  connectivity  for  critical  command  and  control. 

OAMA,  in  combination  with  small  satellite  earth  terminals,  will  make  it  possible  for  selected 
individual  users  to  take  their  own  terminals  with  them  wherever  they  go  and  obtain  satellite 
connectivity  on  an  as-needed  basis.  DAMA  is  often  thought  of  as  providing  circuits  at  bit-rates  of  ?,4, 
16,  or  }/  kbps.  Such  bit-rate  limitations  are  not  adequate  to  satisfy  WWDSA  Feature  L.  MMDS A  requires 
a  new,  enhanced  DAMA  that  also  can  provide  higher  capacity  circuits  suitable  for  video  and  other 
wideband  applications.  Of  course,  wideband  connectivity  could  be  provided  only  under  fairly  favorable 
conditions.  An  enhanced  OAMA  will  make  it  practical  for  small  satellite  terminals  to  be  held  In  standby 


<*t  critical  locations,  and  used  only  when  necessary  for  wideband  connectivity,  or  for  restoral  of 
terrestrial  circuits.  Video  teleconferencing  will  be  available  at  a  moment's  notice  without  prior 
cm  uit  reservation.  A  disrupted  terrestrial  microwave  circuit  will  be  replaceable  on  a  temporary  basis 
by  satellite. 

A  pm t ion  of  a  tr ansponder * s  capacity  will  need  to  be  allocated  specifically  as  a  pool  for  this  type 
of  mult  irate  HAMA  operation,  for  example,  the  capacity  requirement  might  be  established  based  on  the 
rapacity  needed  to  support  ten  anti-jam  protected  /.A  kbps  circuits.  The  uplink  capacity  of  satellite 
earth  terminals  with  anti-jam  protection  would  probably  be  limited  to  a  single  ?.A  kbps  circuit, 
however,  under  non -j  aiming  conditions,  if  the  system  is  so  designed,  the  same  transponder  capacity 
should  be  able  to  support  several  digroups  (twenty-four  64  kbps  channels  per  digroup),  several  video 
channels,  <r  a  mixture  of  the  two.  The  pool  capacity  would  not  have  to  be  sized  to  accommodate  all 
prospective  users  s imu 1 t aneous 1 y  because,  under  the  kWDSA  concept,  most  locations  would  use  satellite 
c nnnei  t i v i t y  inly  when  .*11  other  means  of  connectivity  had  been  destroyed  or  were  otherwise  unavail¬ 
able.  When  thp  pool  capacity  is  insufficient  to  accommodate  all  users,  the  pool  will  be  allocated  among 
cor't  ending  users  on  a  priority  basis. 

Tin-  expanded  and  integrated  use  of  satellite  communications,  as  described  by  WWUSA  Feature  l 
i  fc'ef eren*  «•  l1,  does  not  simply  imply  more  point-to-point  and  OAMA  c omnuni cat  ions .  It  implies  a  truly 
•ntegrated  .,s»  of  satellite  and  terrestrial  communications,  operating  under  what  we  at  DCA  refer  to  as 
the  “n^x  ;•*  media'*  philosophy  i Ref e rente  .'j.  1  he  mi*  of  media  philosophy  will  be  expanded  upon  in  the 

*  ■  1  ’■>*  •  ng  sei  t  lor-. 


'  tv!  VAHS.  !'*  i  OYillf  WAT  ;i)N\ 

'*-<■  "am  id- jet.  1 1  ve  if  a  telei  .rnimun  u.  at  ions  system  is  to  provide  the  connectivity  for  the  transfer  of 
i**f  i-rmat  ion  among  two  or  more  persons  and/or  machines.  To  satisfy  military  communications  requirements, 

,  nnei  t  i .  1 1  y  must  continue  to  be  available  when  needed  even  under  direct  attack,  so  long  as  any  users 
►  i  i «,  t  who  need  the  connectivity.  The  users  normally  do  not  care  whether  the  connectivity  is  provided  by 
satellite  ctimrsunu  at  ions,  by  landlines,  or  by  tin  cans  with  a  string  --  so  long  as  the  connectivity 
exists  when  needed  and  is  adequate  to  pass  the  necessary  information.  Military  connectivity  ideally 
••♦•l  u’d  be  absolutely  survivable  and  should  continue  to  survive  throughout  the  fyll  range  of  possible 
i.-nf  lifts,  from  peacetime  to  nuclear  war. 

Of  ;  •  •  u  r  s  e  there  is  no  such  thing  as  absolute  sur  v  i  vdb  1 1  Uy  tor  any  given  conniun  icat  i  ons  I  in*.  But 
'■either  is  there  absolute  surv i vabi 1 ity  for  any  given  communications  user.  Therefore  the  requirement  is 
♦  r  absolute  su- . ..ability  of  the  connectivity  between  two  or  more  users  so  long  as  more  than  one  user 
continues  to  exist.  If  User  A  needs  to  maintain  conmunicat ions  connectivity  with  User  B,  the  need  for 
A-ti-b  i ,-nnec t i * ity  ceases  to  exist  if  either  User  A  or  User  B  is  destroyed. 

! n  r.rqpr  to  achieve  Sur v i vab i I i t y,  connectivity  must  be  designed  in  such  a  way  that  it  would  cost 
the  enemy  forces  more  money  to  break  the  connectivity  than  it  would  cost  the  friendly  forces  to  m*'rlain 
it.  Analysis  has  indicated  (Reference  ?)  that  the  most  practical  approach  to  maintaining  '•-•meet  i  v  i  ty 
against  attack  is  to  utilize  many  different  sources  for  that  connectivity  (see  Figure  t). 


Fl&URt  r  --  "MIX  uF  Mt 0 1 A "  PHILOSOPHY 
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Satellite  common icat ions ,  especially  with  small  earth  terminals  and  operation  at  higher  frequencies 
fi.e.,  ttfj,  are  an  important  source  of  survivable  connectivity  for  several  reasons: 

o  Small  earth  terminals,  when  located  among  trees  or  boulders,  can  be  more  easily  protected  than 
large  earth  terminals,  microwave  relay  towers,  and  tropospheric  scatter  antennas. 

o  Satellite  comnun  teat  ions  do  not  require  any  intervening  terrestrial  relay  points,  and  satellites 
carrying  transponders  are  not  likely  to  be  physically  attacked  in  a  tactical  war  because  such 
attack  would  more  than  likely  raise  the  conflict  to  the  strategic  level. 

o  The  emission  from  satellite  uplinks  at  EHF  and  above  can  be  confined  to  such  a  low  level  of 
power  outside  the  main  beam  that  interception  of  the  uplink  is  unlikely,  helping  to  protect  the 
location  of  the  satellite  earth  station  from  discovery  and  attack.  Many  other  types  of 
c oawuni cat  tons  equipment  tend  to  Illuminate  themselves,  facilitating  their  discovery  and 
increasing  the  probability  of  physical  and  electronic  attack. 


Vi.  fii.il  ..(H-f  nf  .tlri’Atly  us»'  .1  "v  ar  irty"  f*f  transmission  media,  but  they  do  not  necessar  t  ly  use 
a  *’"M  * "  >.f  Irjnvnssiiin  media  unless  r  tinner  t i  v  1 1  y  between  any  two  locations  can  be  provided  by  many 
;t  ■  f  ♦  rfff-t  i-',» x  •»■-.  .>t  t  mtnef  t  i  v  1 1  y.  !♦  some  locations  are  served  by  wireline,  some  fjy  Ji'j  microwave,  and 
•  t  'in  ■.  ‘ .  v  V  of  radios,  that  does  riot  constitute  j  mix  of  media.  A  mu t  of  media  implies  a  choice 

f  I’  .!'  i'.u'tf  i  a  available  between  any  two  specific  locations  at  a  given  time.  A  choice  of  media 

p»  <  *i,ie\  ftii'H'  than  nrie  back-up  transmission  medium  should  the  primary  medium  become  disabled. 

i-'si. no  the  ♦•■ample  illustrated  by  figure  i,  where  a  common  ic  at  i  ons  node  is  mounted  on  a  motori/en 
,  eh  *  i  *  he  nmle  »u,;ld  b«*  served  by  a  UHf  radio,  an  MF  radio,  and  a  small  satellite  terminal  with  a 

ei  -reb'i  dish.  'he  t 'ommun  i  <  at  ions  node  needs  to  survive  only  so  long  as  the  vehicle  survives. 

■ i  ,«rir.iini*  at  mns  from  the  vehicle  are  more  suryivable  with  three  different  r  ommun  ir  a  t  ions  media 
tear'  t  Me  y  «.i,-d  with  inly  one.  Normally,  the  i‘Hf  radio  would  he  used  for  )  ine-of -s  ight 
.  *'T*ii  '■  •  i  at  i «  r,s,  f  he  Hf  radii;  would  be  used  for  communications  beyond  the  range  of  the  UHF  radio,  and  the 
•  ,r  •.  .♦te’,»fe  terminal  wr-o  Id  be  used  tor  <  ommon  i  c  at  i  ons  beyond  about  i()0  *m.  But  there  is  nr>  physical 
'•■ast-r-  that  ?  h«-  *d  <■»  the  small  satellite  earth  terminal  could  not  be  used  to  restore  a  critical  Circuit 
fiff’i'.v  *  '  ded  .’•>  i  ».e gi  t  i  i  vrmur'  >  c  at  » •  or. .  *,uf  h  use  would  Of  1 1  be  c  or.  v»*nt  l  on  a  1 ,  and  normally 

w  ,  ’  *  •  .  t  ’  «•  1  *  s  <  det  cj  <  i !■*.  t  -  ef  f  er  t  r  v*- ,  but  it  *•.,!>!  1 1  '  <•*  vital  <  onnec  t  i  v  1 1  y  t be  ma  1  nt  a  1  ned  when  1 1 

w  . .  M  »  i  t  :  e. 
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berhaps  one  <t  the  most  difficult  technical  and  administrati ve  problems  in  providing  truly 
■ nt  eqr ated  satellite  and  terrestrial  coranuni cat  tons  to  Support  tactical  operations  is  the  problem  of 
iMeqr  it  ed  c  iwmun  •  cat  t  uns  control.  Some  of  the  questions  that  must  be  answered  on  a  moment -by -moment 
bas*s  during  a  conflict  are: 

wf  ,i..h  means  of  connectivity  should  be  used  for  each  application? 

Mo*  are  scarce  assets  of  connectivity  allocated  when  many  important  users  are  competing  for  the 
s  ime  assets: 

►«*-w  is  the  coordination  handled  between  the  local  transmission  node  and  all  of  the  transmission 
nodes  that  are  being  dealt  with  in  the  selection  of  means  of  connectivity? 

»h>w  is  the  connectivity  selection  for  an  entire  theater  coordinated,  and  how  is  the  assignment 
of  frequencies  managed? 

*  ’day,  addressal  of  trie  above  questions  is  usually  manual,  and  the  decisions  are  uften  arbitrary. 
System  control  is  difficult,  with  basically  separate  control  systems  for  satellite  and  terrestrial 
c ommun i c at  ions.  System  control  will  be  even  more  complicated  when  the  control  for  satellite  and 
terrestrial  conr>umcat  ions  is  merged  under  an  integrated  satellite/terrestrial  conwuni  cat  ions  concept. 
I1’. A  and  the  Dob  are  directing  considerable  effort  to  resolving  the  issues  of  integrated  control,  and 
viable  solutions  are  e*pected  to  be  implemented  before  the  end  of  the  decade. 

fvtdence  of  the  DlA  and  bob  concern  tor  the  problems  of  control  is  provided  by  the  fact  that  three 
of  the  features  of  the  Worldwide  Digital  System  Architecture  (WWDSA)  (Reference  I)  address  control  in 
its  broadest  sense: 

0  WWDSA  feature  B  --  Ability  to  control  many  sources  of  connectivity  intelligently 

o  WWDSA  Feature  t  --  Improved  intra-network  system  control  including  the  use  of  common  channel 
signaling 

<■  WWDSA  Feature  M  --  Improved  i nter-network  system  control,  including  better  coordination  between 
networks  (e.g.,  satellite  and  terrestrial  transmission  networks) 

WWDSA  Feature  B  requires  that  the  control  of  satellite  communications  be  integrated  with  the 
control  of  terrestrial  communications,  and  that  tactical  switching  nodes  be  able  to  select  any  of  a 
variety  of  transmission  media  as  needed.  Media  could  be  selected  on  the  basis  of  least  cost,  most 
suitable  perf ormance,  call  destination,  and  link  availability.  High  priority  users  would  be  given 
precedence  in  the  selection  of  the  most  suitable  transmission  media. 

WWDSA  Feature  i  enhances  Feature  B  by  requiring  a  high  degree  of  realtime  system  flexibility 
through  software  controlled  digital  operation,  continuing  automatic  assessment  of  system  and  link 


funf  onnjm  <tnd  status,  automated  f)f<(  trnnit  patching  and  testing,  and  non-assoc i at i ve  contnon  channel 
siqnalinq  ,imnnq  swi  tilling  nudes . 

WWDSA  Feature  M  goes  still  a  step  further  by  requiring  shared  data,  automated  displays,  and 
( (‘operative  control  between  different  systems  (e.g.  tactical  te leconmumc at  ions ,  civil  conmun i cat  ions , 
and  the  Defense  «  ommunn  at  ions  System  (DCS).  Emphasis  is  un  the  cooperative  reconstitution  of  badly 
fragmented  owmunir at  ions  from  the  bottom  up  by  joining  uSPable  portions  of  still-operating 

<  «vrrnun  if  at  um\  systems  or  networks. 

Since  wWD'.A  sets  forth  guidelines  for  all  Oal)  te  lecommun  leal  ions  systems,  and  the  WWD5A  features 
have  been  approved  for  planning  by  the  JCS,  it  can  be  expected  that  the  above  features  will  gradually  be 
1  or  per  a ted  into  upgrades  of  present  Dot)  communications  systems  and  into  new  (Job  systems  as  they  are 
deployed.  It  is  hoped  that  non -OoO  t e lef onmunu at  ions  systems  will  also  incorporate  WWDSA  features  in 
order  to  provide  greater  survi vabi 1 ity  and  greater  interoperabi 1 ity  of  all  military  and  civil 

<  ktffffu n k  at  ion*,  within  the  NATO  and  other  Allied  communities. 


I  1 INOM I  f  -TM  RATION*, 

•  r»e  e<«n»»iru  •  on\i  de»  at  i  oris  relating  to  the  integrated  support  of  tactical  operations  by  satellite 
'ofrmunu.it  um'-  are  addressed  fo**  a  hypothetical  system  which  has  an  earth  segment,  a  space  segment,  and 
a  c  on?  r<  ’  segment,  snsts  are  estimated  over  a  10-year  life  cycle,  with  all  estimates  in  current 
dollars.  Thr  system  is  assumed  to  have  an  initial  operational  capability  in  the  mid  1990*%. 

Research  And  Deve  1  opnent 

Thf  research  and  development  <  «>%t  for  the  described  capability  is  estimated  to  be  $S(j(j  million. 
Earth  Segment 

The  earth  segment  is  assumed  to  consist  of  J 00  small  satellite  earth  terminals.  It  is  estimated 
that  a  smqle  terminal,  operating  at  E HF  and  equipped  with  anti-jam  features,  will  cost  on  the  order  of 
$i  million  in  1995.  The  G&M  cost  for  the  terminal  is  est imated  to  be  about  1/(Xj  thousand  a  year,  or  $/ 
million  over  a  l()-ypar  period.  This  results  in  a  tota'.  10-year  cost  of  13  million  per  terminal,  or  $300 
million  for  a  hundred  terminals. 

Space  Segment 

I he  procurement  cost  of  the  transponder,  in  orbit  and  onboard  a  multiple-transponder  satellite,  is 
estimated  to  be  $50  million.  The  04*  cost  is  est imated  to  be  $5  million  per  year,  resulting  in  a  total 
space  seqment  10-year  cost  of  $IUU  million. 

nn  t  ro  1  Segment 

Ter  separate  control  facilities  are  assumed,  colocated  with  10  of  the  nail  satellite  earth 
terminals.  Multiple  control  facilities  are  assumed  to  provide  adequate  diversification  for  system 
survi vabi 1 ity.  The  procurement  cost  of  each  of  the  JO  GAMA  control  facilities  is  estimated  to  be  about 
$1  million,  with  an  annual  01*  cost  of  $100  thousand.  The  total  cost  over  a  10-year  period  is  therefore 
$/( i  million  for  10  facilities. 

TotaJ  Cost 

Based  on  the  above  estimates,  the  total  cost  for  research  and  development,  procurement,  and  ten 
years  of  operation  and  maintenance  of  the  integrated  satellite  conmun  icat  ions  capability  as  prescribed 
by  WWDSA  would  be  $9?0  million.  This  is  only  a  small  fraction  of  the  total  cost  of  transmission  media, 
and  it  would  buy  a  considerable  improvement  in  the  overall  coirmun  i  cat  ions  survi  vat)  1 1  i  ty . 


W1  f'MONS 


Satellite  common  teat  ions  are  already  providing  essential  support  to  tactical  operations.  But  that 
support  is  primarily  for  point-to-point  communications  over  a  range  of  300  km  or  more.  Next  generation 
comnun  nations  satellites  need  to  provide  increased  capacity,  an  enhanced  demand  assignment  multiple 
access,  and  be  able  to  operate  efficiently  with  small  satellite  earth  terminals.  It  is  estimated  that 
the  cost  to  perform  research  and  development,  procurement,  and  ten  years  of  operation  and  maintenance 
for  a  satellite  conwuni cat  ions  system  containing  a  hundred  small  satellite  earth  terminals  would  be 
about  $900  million  in  today's  dollars.  This  would  require  only  a  small  percentage  increase  in  the  cost 
of  providing  transr  »ss ion  for  military  communicat ions.  T!  »  large  number  of  small  satellite  earth 
terminals,  with  an  effective  integrated  satell i te/terrestr 1  a  1  transmission  control  system,  would  allow 
satellite  communicat ions  to  be  truly  Integrated  with  other  communicat ions  media  to  provide  increased 
survivability  and  more  effective  support  of  tactical,  strategic  and  defense-wide  operations. 
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AIISTR  A(T 

Present  tactual  operations  involve  considerable  long-haul  communications  ( -*  ID  Kml  which  need  to  he  both 
reliable  and  resistant  to  mteilereinv  I  urthermore.  the  multi-service  nature  ol  many  operations  requires  interoperability 
features  in  I  he  coimimniiations  system  design  I  \er- plat  form  and  prime  power  limitations  as  well  as  terminal  production, 
installation,  and  maintenance  costs  tor  large  user  populations  necessitate  system  configurations  which  accommodate 
small,  low  po  ser  terminals. 

(  eitain  types  ol  satellite  communications  (SA  l<  OM  I  systems  can  provide  these  features.  One  approach  involves 
the  use-  ot  the  wide  bandwidth  allocations  in  the  Htl-  band  ti  e.  .l()-to-50  fill/.l  to  provide  systems  with  larger  capacities 
and  to  permit  the  use  ot  robust  spread  spectrum  modulation  techniques,  (  volution  into  these  higher  frequencies  also 
otters  the  opportunity  to  incorporate  signaling  structures  which  are  functionally  common  across  multiple  user  communi¬ 
ties  Such  techniques  provide  interoperability  possibilities  while  allowing  more  efficient  use  of  spacecraft  assets  and 
mimini/ing  the  number  ol  unique  terminal  developments.  F  urthermore,  the  concept  departs  from  traditional  SATC'OM 
designs  by  incorporating  increased  satellite  sophistication  for  reduced  terminal  sue  and  complexity  requirements.  Ihe 
associated  spacecraft  would  employ  advanced  technologies  such  as  uplink  antenna  discrimination,  on-hoard  signal 
processing,  and  downlink  beamhoppmg. 

1  his  paper  presents  several  system  configurations  tor  providing  1  Iff  service  to  tactical  users,  discusses  Ihe 
advantage  of  the  advanced  technologies  incorporated,  and  indicates  some  spacecraft  implementation  possibilities. 

*  I  his  work  was  sponsored  by  the  Department  of  the  Air  force. 

I  tie  I'.S  (lovernment  assumes  no  responsibility  for  the  information  presented 
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S'!  R  \<  VS  I  is  .1  military  a>mmuiiK.it  ion  system  ntili/mit  two  ’  still/  repo  .iters  i  spjte  segment  i  n!  the  I  reneli 
communication  satellite  11  1  I  <  (IM  I  developed  by  the  Trench  Ministry  ol  t  ommumcatione  and  which  will  be 
l.nmshed  by  ARIANI  After  descnbing  the  main  characteristics  of  the  space  segment  and  the  ground  segment  the 
pa  pei  w  ill  deal  mainly  w  it  It  the  SSMA  system,  general  description,  modem  functional  diagram,  time  management 
operation,  synchronisation  and  resynchronisation  of  the  network,  modem  interlace  base  hand  and  intermediate 
I  re«|  lie  in  \ 

I  tit  lire  trends  ot  the  SSMA  system  will  be  presented 


*  'N  i :  h.is  I  rsi  »•■!  MjnM  .it  r>n.il  ly  .1  .it  inn.i  r  y  o-Hand  satellite  link  t  <>  a  terminal 

i-'-i-ei  .i»  w«V  north  lat  itud«*.  The  antenna  I'lovat  nm  angle  f  r  f»m  this  locat  ion  tr*  the 
:e*«st  it  ; •  ■ : , .  1 1  y  satellite  is  «>nly  um?  degree.  This  link  In  ■  V  N  latitude*  is  only  feasible 
1'iv.usc  the  Ai-‘t  ic  to- tivi •!  site  employed  (wm  large,  widely  separated,  antennas  to  achieve 
s;  inal  path  -!  1  vet  •;  1  ?  y .  This  technique  is  feasible  for  lari*.-  fixer]  installations  bu»  woul«i 
n  *  be  possible  t-T  ships  «'t  all'll!  t  ,  ever,  if  they  wore  largo.  Moreover,  there  is  1  wuio 
spread  in  t  fie  range  *'f  elevation  .miles  to  Canadian  sites,  due  both  to  the  large  spread  in 
i  u,  ;it  ;do,  as  well  as  t<.  t  he  latitude  effects.  Antenna  elevation  an*  lies  to  <1  satellite 
it  ' r.  *  vaiy  f  1 1  ’?•:  afro  if  l  H  do;  toes  at  Ottawa  to  11  de  gr  <*p!j  <>r,  the  1  r> '  t  1  v  coast  at  6  7°  N 
I  it;'  .de.  b  »i  seivi  e  f  i  <  »:t;  j  siniU‘  satellite,  these  ancles  are  below  2  5  '  on  the  north 
e  1  s t  c.'ist  and  .11  <•  down  t  >  n‘  on  the  north  wost  coast  at  latitudes  of  about  '>4  or  5 5 


.1  as'.ii  and  east  omdal  reri-u-.s  are  areas  of  significant  rain  attenuation 
I  .  1  t.  lid  "  "i  <*,  it  t  he  1  •  w  e  1  ova  t  1  <  »n  an- j 1  es  in  t  he  A  r  ■  1  <  tropospheric  s<  •  1  id  1 1  1  a  t.  1  on 

l  ie  :-  «mj».  Hence  wheri  operation  at  LHF  is  established  is  a  requirement, 

c.  i  li.  the  ti  p-  sp.hei  1  •  t  nr  b  *  1 e!  ,■  *e ,  exyjen,  water  vapour  and  rain  attenuation  margins  ire 
!•••'.  .  :  •  •  : ,  1*  is  apparent  that,  the  areas  *.»!  satisfactory  military  cover  a  re  t  r  or  1  single 

•  •  st  1*1  nuy  orbit  pipit  ion  into  Canada  .ire  snnif  ic.int  1  /  reduced,  specif  i**.illy  if  rel  1  1- 
i  *;i*y  ‘  service  is  to  approach  100*  or  so.  operations  from  more  than  one  geost at  10 na ry 

i*  1  •  .  1  1  *  <  ■  position  .u.uld  improve  the  assured  coastal  coverage  but  could  not  improve 

-<•:  i  #•  *  *  he  h:  rh  Arctic.  If  is  not  1 mrned 2  a t  e  1  y  obvious  that  ge*  >st.P  }  nn.iry  orbit  oper- 

1*  1  t.  is  the  lo  rival  ch.-ive  f<>t  Canadian  military  tavtical  operations. 


A  r  -1 1  rvi  1  y ,  alternate  orbits  were  evaluated  as  shown  on  Figure  2.  Low  polar  and 
i  set  •  rid  I;  con  *  1  .jurat  ions  had  been  looked  at  in  a  previous  study.  With  orbital  alt- 
:*  a;  pr  >:  ir. if  **  1  y  16,000  to  16,000  nn,  five  to  ten  satellites  were  require*)  in  the 

:  set  •  c  patter:.,  depending  on  the  minimum  design  elevation  angle  (10°  to  10  j.  of  course 

the  .rlicr  d  required  satellites  would  increase  if  the  altitude  is  decreased,  or  it  a 

p-  \  11  ■  rbjt  were  selected  instead  of  the  rosette  pattern.  For  reasons  of  cost  and  system 

}  i'  ld**:\s  associated  with  doppler  and  commun  1  cat  1  on  system  control  architecture  these 
dbits  were  not  considered  further.  Rather,  a  variety  of  inclined  orbits  wore  examined 
with  periods  from  a  half  day  to  about  four  days.  In  this  paper  the  following  three  orbits 
w . I  l  be  i  1  so  .ssed : 

a.  inclined  circular  geosynchronous ; 

b.  critically  inclined  elliptical  geosynchronous  (herein  referred  to  as  1  "Tundra" 
orbit  1  ;  and 

c.  critically  inclined  elliptic  12  hour  (Molniya)  orbit. 

The  ground  traces  of  these  orbits  are  shown  on  Figure  J.  The  saliant  chdracteris- 
? les  of  these  orbit  s  are  detailed  at  Table  1: 

TABLE  1 

'il  it  Apogee  J'crigee  JncJ.  Canadian  Coverage  Service  Hours 

n.m.  n.m..  (deg)  Centre  (Longitude)  'Note  1) 
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Note  1  -  This  is  portion  of  orbital  period  that  each  satellite  in  the  constellation  is 
assumed  in  use  for  Canada/Arct ic  coverage. 

An  early  question  was  whether  the  free  space  path  loss  would  be  a  significant 
factor  in  the  choice  of  orbit.  The  slant  ranges  involved  with  these  three  orbits  vary 
from  16000  nm  to  25000  nm.  This  is  a  spread  in  free  space  loss  due  to  slant  range  from 
91.1  db  to  9J.1  db.  That  is,  the  free  space  loss  into  any  station  in  Canada,  from  geosyn¬ 
chronous  (equatorial,  inclined  or  elliptic),  or  from  semi  synchronous,  are  all  in  the 
range  of  92.2  -  1.1  db.  This  factor  is  therefore  not  significant  in  choosing  between  the 
orbits  under  consideration. 


COVERAGE  OF  THREE  SATELLITE  TUNDRA  CONSTELLATION 


S  4  A** 


‘  i  i  trikmi  ex  *u !  Sion  is  ajain  t^.jhtor,  almost  linear.  The  antenna  elevation  .miles 
*  he  west  afx»iee  .lie  all  abyve  4f>  ,  even  tor  eiuht.  hours  of  s  civile  from  each  satellite. 
}  j!<r.  the  east  apooee  at  HO  K,  northern  stations  such  as  Alert  can  'fot  H  hums  oi  si<  of 
service  with  antenna  an-iles  above  Service  is  also  imssible  to  our  coasts  and  to 


■••ritial  *  ana<ld  !  ror  the  offside  apojee,  but  only  for  those  stations  which  can  operate 


with  antenna  angles  .iroumJ  10  to  1H  deureeg.  Fot  comparison#  of  fault?  apojee  service  to 
hahr  m  dermany  is  almost  9  hours  above  lri  ,  and  somewhat  similarly  for  a  north  European 
station  such  as  Hoda ,  Norway#  where  the  elevation  anqle  is  40  or  greater  for  eiuht 
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‘he  •••!  the  M<  LN  I’i  A  ->rbit  the  iopplei  shiM,  Kin, re  14,  is  higher  n;  i.: 

•,  i  i*  vi!  i»*s  almost  I  lreu  1  /  with  t  l  me ,  This  if:  be  seen  :  I'.r-  t  2k-  tit*-  >:  ;e 

:  » *  *  i  '■  lioro  tins  f  .iiu’t.  I*  *ts ,  over  t  he  •  'per  at  i  no  |  •  i  i « »•  i  is  <!0  r  host/ 


f.e  ru*e  -  ;  ,h1iii  K‘  ■  >*  dopf  •►*!  t>'i  the  various  orbits  ur»*  plotted  tn  jrtlicr  <•:; 
shown  is  a  joosynii;! « >n<  ■  is  -. » r  ti  x  ♦  with  a  per l  ;ee  around  M>0  ii.fr.  This  is  »  •  :  f - 

which  1 1  v».‘  s  ,»!.•«  ivit  21  h*'.*is  of  •  '•  »ve  i  a*  K*  per  day  per  sat  e  1  I  1 1  e  for  t’unahi.  rhe 

bar  ».*  «-r  l  st  i.'s  .i  1  S'  do  not  appear  to  bo  an  « >v«.t  i  l  d  l  n-j  factor  in  choice*  ■:  -  rl  it. 

hit  iso  .h.is  i  lower  doppler  r  a  t  o ,  but  the  other  c  uses  :v»y  he  more  easily 
<•1  by  i  i ne. 1 1  ?  *11- *t  l  ins  . 

'I  he  M<  Ir.i/a  •  M»jt  has  a  very  ipifjot  t  u:if  impact  on  launch  u-  licmri.i  s.  Mu  a 
♦  •hi  .e  !■«•»:.  i  I  » .in'  -ln'il  to  ,r  Moliiiy.i  orbit  t  hn  j  r  is  a  much  i  educed  weight  rcquirin;  to  he 
\r  '  st  »•  i,  'rt'j.areii  to  a  vehicle  bcinq  launched  to  geosynchronous  orbit.  The  llohiMii  trans¬ 
fer  ibit  f'-r  t  i,««  M'fisyinliroiiuus  case  is  essentially  almost  the  final  orbit  lor  the 
M‘  1 1 1,  i  y.i  msi!.  The  Molniya  vehicle  Joes  not  require  an  ap<  »■  jee  kick  motor.  The  upoqeo  kick 
■•■otoi,  with  its  fuel,  is  typically  4r>  to  50*  of  vehicle  weight  in  the  transfer  orbit. 

An  of  bit  adjust  o.ipabl  1  1 1  y  is  nwjuii  ed ,  however#  due  to  precessiiM  of  Molniya  orbits  with 
t  he  in?  l  ienee  of  sun  and  moon.  In  addition  the  Molniya  requires  nubst ant  la  1 1 y  less 
batteries  than  conventional  desiqna.  This  is  because  the  Molniya  does  not  require  payload 
operition  dumi  }  ec  1  Ipse  (the  spacecraft,  except  for  rare  eclipsing  by  the  moon,  is  never 
eclipsed  within  four  and  a  half  hours  either  side  of  apouee) . 
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RATE  OF  CHANGE  OF  DOPPLER  (AF  )  VERSUS  TIME 
TUNDRA  ORBIT 
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.  ■  itr  *'11  lot  *•!  i  *  *r  .1  f  i*  *r;  **.in  bo  <i  si'iml  lc.mt  dositn  cnnsi'lctdt  i**n.  For  ioost.it- 
i-’ii.riy  ■  oh  i  '  i  *■**  1  ho  ii'i'iitoil  .» 1  low.in*-os  l**r  this  factor  -ire  w*.*ll  under  s  t  o**d .  The  Tindr-i 
*  tt  it  |  - 1  i  ;*'*’  d  almost  14,000  n.r..  lfl  above  t  hr*  mam  V.in  Alien  effects  and  solar  cell 
ue  :i  -i.l. it  i'-.n  will  be  similai  to  the  effects  .it  (cost  at  ion.tr  y  *->r  bit.  However,  solar  cell 
■  lo'ot  ioi.it  ion  i  *  i  nore  serious  factor  in  the  seni  syre'hronoiis  oasc.  Molniya  vehicles 
t i  iiisit  flu*  Van  A 1  1  <*t*  redions  twice  >n  each  orbit,  i.e.,  fo*jt  tiries  each  flay.  We  have 
bei't:  ;iven  est  ir.,it  es  of  solar  ee  1  1  doqi  a*lat  ion  for  Molniya  vehicles  which  vary  widely. 
Howevt'i  ,  this  Si'lai  cell  dc'qiadat  ion  nay  be  s  i- fn  l  f  l  can  t  1  y  less  of  a  we  l  j  h  t  penalty  than 
the  battery  weijfit  s.tvint  due  t**  elimination  of  eclipsed  opeiatioris  with  Molniya  orbits. 

V  a  1  i.ei  all  1  i  ty  t.i  ant  i -sate  1  1  1 1  e  weapons  is  a  factor  receivin'!  increasin')  attention. 
.  ate  apat  t  !  t  *r  physi**al  hatolenina  or  self  defence  tip.ts'irfs,  each  of  these  three  inclin¬ 
ed  o||, jts  piesent  tar  lets  expensive  to  attack.  Attack  would  require  commitment  of  a  sep¬ 
al  at  o  A:  AT  a-iainst  each  spacecraft  in  t  he  mmstel  lat  lore  Furthermore,  a  very  powerful 
boost  ei  is  refilled  toi  the  ASAT  vehicles  to  attack  satellites  not  in  low  earth  orbit. 

M  t  tie  ,-omiT’.  1 1  met’.t  of  an  ASAT  were  known,  then  in  the  case  of  the  semi-synchrorous 
M'*bN!YA  -ci -n  f  irai  at  lot; ,  an  evasive  manoeuvre  might  be  practical  and  effective.  This  is 
bee  a  ;  s  i‘  a  small  enet  ty  input  at  or  near  a  1  k  >qoe  can  effect  substantial  peri'tee  changes 
without  si  nut  leant  ly  affect  int  subsequent  a|Kj*iee  operations.  To  a  lesser  degree,  the 
samt*  comment  can  be  made  for  the  in*'linetl  elliptic  TUNDRA  orbit. 


When  thinkiivt  of  vulnerability,  there  ib  sometimes  a  tendancy  to  look  at  cases 
class  by  class.  You  can  say  that  all  those  spacecraft  which  regularly  transit  the  Van 
Allen  belts  belong  to  a  class  which  would  be  particularly  vulnerable  to  trapped  debris 
if  a  nucelai  weapon  were  over  detonated  at  hiqh  altitude.  Satellites  in  geostationary 
orbit  aie  another  vulnerability  class.  A  satellite  launched  retrograde  to  geosynchronous 
altitude  would  encounter  every  satellite  on  qeostat lonary  orbit  in  a  period  of  12  hours. 
Generally  speaking,  a  satellite  in  a  Molniya  orbit  costs  20»  less  than  a  satellite  in 
geosynchronous  orbit.  This  can  be  a  very  (xiwerful  arqument,  vulnerability  or  survivabil¬ 
ity  arguments  not  withstandtnq . 

The  effect  of  a  spacecraft  failure  is  another  consideration.  The  inclined  circ¬ 
ular  qeosynehronous  orbit  requires  three  spacecraft  for  continuous  Canadian  coveraqe. 
boss  of  any  one  spacecraft  results  in  very  substantial  periods  of  outaqe.  This  vulnerab¬ 
ility  can  be  reduced  throuqh  use  of  a  f our-sa t el  1 i te  constellation.  In  the  case  of  the 
elliptic  Tundra  orbit,  each  spacecraft  can  provide  service  to  stations  in  Canada  for, 
typically,  14  hours  or  more  per  day  leadinq  to  a  two  satellite  requirement.  Aqain 
vulnerability  to  loss  of  service  can  be  reduced  by  includinq  an  extra,  third,  satellite. 

In  the  case  of  a  three-satellite  TUNDRA  deployment  loss  of  one  satellite  will  initially 
result  in  a  time  period  without  service  for  two  hours  once  each  day  until  the  two  remain¬ 
in')  satellites  are  moved  to  eliminate  this  outaqe.  Conversely,  for  the  same  boost  enerqy, 
the  original  orbit  could  have  been  desiqned  to  provide  over  20  hours  service  per  satellite. 


lr.  the  case  of  a  th 
cause  one  eight -hour  period 
apoqee,  providinq  it  is  in 
in  the  reqion  approx imate ly 
south  of  the  Arctic  circle 
qeoqraphic  location  and  the 
equipment  at  that  location, 
one  tailed  satellite.  For 
Molniya  satellites  phased  s 
as  about  5S°  latitude. 


ree-satel 1 ite  Molniya  constellati 
where  service  must  be  obtained  f 
view.  In  effect,  this  results  in 
from  the  Arctic  circle  (67°N.  la 
there  will  be  deqradation  of  serv 
minimum  antenna  elevation  angle 
A  four-satellite  constellation 
those  stations  requirinq  only  1  o' 
lx  hours  apart  can  provide  uninte 


on,  loss  of  one  satellite  will 
rom  a  satellite  on  the  offside 
no  interruption  oi  service 
titude)  to  the  pole.  However, 
ice  which  will  depend  on  the 
required  for  the  user  terminal 
could  adjust  to  compensate  for 
antenna  elevation  angle,  two 
rrupted  service  as  far  south 


Conclusions  to  be  drawn  from  this  discussion  would  perhaps  include: 

a.  all  three  orbits  require  the  user  terminal  to  have  a  tracking  antenna  if  the 
advantages  of  narrow  beam  EMF  operations  are  to  be  realized; 

b.  the  circular  orbit  requires  the  largest  antenna  angular  excursions  of  these 
three  orbits,  the  Molniya  the  smallest,  with  the  Tundra  somewhere  in  between; 

c.  there  are  some  narrow  beam  antenna  design  opportunities  with  the  Molniya  which 
may  not  be  available  on  the  other  two  orbits; 

d.  the  doppler  magnitude  is  higher  on  the  Molniya  but  the  doppler  rate  is  not 
significantly  different  between  the  three  orbits; 

e.  how  gracefully  the  various  constellations  fail  is  very  important.  In  some 
respects  the  Molniya  does  rather  well;  and 

f.  at  launch  costs  of  about  $22,000  per  pound  to  geosynchronous  orbit,  the  Molniya 
weight  advantage  can  be  very  significant. 

What  choice  does  one  make?  Canada  has  not  yet  initiated  a  military  communications 
satellite  deployment  program  so  Canada  has  not  yet  had  to  make  any  firm  choices.  However, 
from  evaluation  so  far  of  these  three  orbits  the  MOLNIYA  certainly  has  many  distinctive 
advantages  for  solution  of  the  Canadian  military  communications  problems.  In  addition 
to  factors  discussed  above,  the  reduced  energy  requirements,  i.e.  reduced  mass  to  be 
boosted,  leave  options  open  for  future  consideration.  With  this  vehicle  you  are  not 
locked  in  to  large  boosters.  Who  knows  -  someday  It  may  be  expedient,  as  well  as  cost- 
effective,  for  Canada  to  launch  her  own  spacecraft.  This  would  ba  much  more  easily 
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ABSTRACT 

I  hn  paper  describes  (hr  pmnip.il  tcatmesot  tin1  Ik  Skynct  4  Satellites.  which  will  provide  enhanced  tactical  and 
siraleiin  communications  l.uilities  lot  the  Bnlisli  totem  1  he  satellites  are  being  built  by  British  Aerospace  and  Mareoni 
Space  A  Detenee  Systems  under  contract  trnm  the  1  k  Mol),  with  the  first  launch  planned  lor  l')X5 

I  In-  satellite  is  based  upon  the  proven  I  (  S  vehicle  and  employs  facts  stabilisation  in  geostationary  orbit  I  he 
total  power  consumption  ot  about  I  ’  kw  is  derived  from  solar  panels  and  the  on-station  mass  is  about  hbO  kg  At  a 
position  ot  f  V  the  first  satellite  will  be  cisible  Imm  l-uropc.  the  l  ast  coast  ol  America  and  the  Middle  l  ast 

Sill  remains  the  workhorse  ot  satellite  communications,  and  the  SKYMI  I  4  satellite  contains  lout  wideband 
transparent  transponders  designed  to  handle  a  large  number  and  variety  of  users  A  number  ot  reconl  igurable  antenna 
options  may  be  selected,  including  I  arch.  MATO.  I  uropejn,  and  Central  Turopean  cover  Another  notable  feature  is 
the  adaptive  nulling  antenna,  this  may  be  controlled  by  telecommand  to  mitigate  the  effect  ol  uplink  lamming 

I  urlhcr  protection  is  supplied  by  the  Processing  (  hannel.  This  employs  a  spread-spectrum  uplink  which  is  despread 
on  the  satellite  to  gist  both  secure  broadcast  and  telecommand.  I  his  self-contained  receiver  represents  a  significant 
achievement  in  on  board  processing. 

t  uiute  trends  in  Nauotns  are  undoubtedly  towards  HIT,  with  relative  benefits  ot  uncluttered  spectrum,  and 
reduced  jamming  threat  Skynct  4  incorporates  an  experimental  44  (ill/  receiver,  with  a  downlink  at  SHI  This  will 
he  used  lor  R&l)  purposes  and  to  assess  the  potential  ol  HIT 

I  ogethet  with  narrowband  1’IIT  channels.  SKYNTT  4  will  offer  a  significant  and  versatile  communication  service 
info  the  I'WOv  [  his  paper  highlights  some  of  the  satellite  features  w  ith  their  rationale,  and  points  to  some  likely  future 
directions. 
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ABSTRACT 

l  he  ,ul\rnt  ot  the  muroprovfssor  has  readily  enabled  the  modern  implementation  ot  complex  modulations  ami 
si  mi  pi  j  t  n’t  l  the  s'vntrol  ot  communication  networks.  I  his  has  encouraged  a  fresh  examination  of  the  arc  fine*,  fare 
emploved  m  the  t  nited  k mgdom’s  Naval  SHI  satellite  communications 

I  he  principle  ot  the  present  S\|C  ( )M  organisation,  including  threat  scenarios  are  discussed.  Models  are  developed 
that  ate  both  compatible  with  current  operational  practise  and  future  requirements 

I  he  votuopt  ot  system  distribution  is  then  applied,  the  path  ot  a  signal  being  traced  trom  operational  origin  to 
vfesimafion  I  he  v ulner jbihtv  of  each  path  node  is  discussed  and  sounfermeasures  which  include  alternate  nunles  that 
minimise  weaknesses  are  described 

Such  a  treatment  leads  to  an  enhanced  traffic  capacity  and  realises  a  system  which  is  readily  expanded  to  meet 
changing  increased  requirements  It  also  impinges  on  build  standard  enteru  and  can  lead  to  a  more  economic  solution 
than  vurrenlh  practised 
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I  he  <  •'mniiiMu .iti'Mis  C  »roiip  i»t  the  Ro\  al  Signals  and  R.ular  I  slablishmcnt  iKSRI  i  Malvern  I  ngiand.  pioneered 
de  v  eh'i'tnent  ot  small  t.utual  SHI  <  s  ( « 1 1  / 1  s^i  to  I  lit  c  ground  terminals  I  he  concept  ‘>1  an  SHI  terminal  small 
enough  t< *  he  tarried  on  a  man's  b.u  k  has  been  further  developed  by  I  errand  I  le*.lronus  I  united.  pnvnton.  <  heslure. 

I  njil.i ml  under  toritrjif  t« *  RSRJ  I  reld  trials  models  weighing  1  "  Kg  i/n hiding  antenna.  power  supplv  atul  carrying 
'i.rnc  h  ive  been  Tn.imit.utnrcd  ami  extensively  trialled  in  Held  conditions  \s  currently  configured  the  equipment 
provides  either  Mi  hit  sec  telegraph  or  analogue  spec*. h  (both  duplex!.  A  digital  secure  speech  lacihty  is  v  urrently 
being  developed  Depending  on  the  satellite  antenna  system  in  use  the  terminal  can  either  be  worked  to  a  mam  vit<  line 
ground  station  oi  another  small  station  1  he  equipment  characteristics  allow  it  to  operate  freely  with  the  SK\  \l  I . 

!>s<  s  and  S  \|n  satellites 

I  he  performance  of  the  station  and  its  principal  components  are  outlined  m  this  paper,  together  with  current 
Jeudoprne  ntv 
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1‘  •: .  K.i  -mg  HI  ;*’wet  th.ii  h.iv  I  ,,ini!U‘  .i\ adahle  trom  the  gnus  lli  ni'.i/i*  satellite*  ovet  the  years  has  been 

"  •  '  *»  tii-  •  •wnersn?  *atelhte  s> stems  tr;  a  number  <d  different  \*a\ s  <  tv tl  authorities  sin li  as  PI  I  \  and  t  «wnnicrv t.il 

<  .■»  tiers  h  iw  m--d  tin*  \ ? i a  1*1*01  !*'t  m.  reased  dun  nek  .iik!  lot  htgliet  data  rate  services.  third  world  n.i turns  have 
hem  hto.*  t:«»m  simple  r  and  Juniper  earth  xl.ilnm\  and  the  nuht.ir\  have  developed  .i  whole  range  o|  small  terminals  tor 
bn  ru  il  use  I  he*e  small  lrtmm.il"  have  extended  the  (  *  lines  f r* *m  the  Inchest  echelons  of  command  to  the  nuliv  kJu.iI 
!  the  lighting  unit  \  cotuept  aptk  summarised  in  the  phtase  “Ihesident  t«»-toxho|e  n>mmimu .itions" 

J  he  paper  will  hnetU  desdibe  the  ope  rational  need  lot  long  distance.  ».  *  nit  unnnisK  available,  error -tree  v  omnium- 
.  and  the  melding  o!  t  •Mninunu aliorts  w  ith  <  ommand  and  <  outrol 

<»r.’t»:n1  satellite  terminals  in  use  and  m  development  will  he  described  and  their  levhnn.il  characteristics  discussed 
(  urrent  w.-rk  on  a  satellite  terminal  lot  the  Nimrod  long  range  ituntune  patrol  aircraft  will  he  described 

I  he  I  \V  threat  is  e\ei  present  and  satellite  systems  will  increasingly  have  to  he  designed  to  minimise  the  ettedx  <d 
lamming  and  interception  |  he  paper  will  consider  techniques  employed  stub  as  spread-spec  tmm  m«ufufjfion  and 
frequent  \  hopping  tor  terminals  >peiatmg  in  the  military  SMI  satellite  band. 
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The  test  program  (or  f»PS  Phase  11  User  Equipment  (UK)  is  extensive;  it  includes,  as 
noted  in  Figure  l.  seven  different  kinds  of  tests  ranging  from  in  plant  tests  to 
initial  operational  test  and  evaluation.  They  differ  by  time,  purpose,  and  test 
agency  In  this  pr esent at  ion.  we  will  be  primarily  concerned  with  field  development, 
test,  and  evaluation  (l>TfcE)  tests. 

INPl  AN! 

•  DLSIGN  VERIFICATION 

•  PARIS  CERTIFICATION 

•  SOFTWARE  AND  HARDWARE  QUALIF ICAT ION 

•  MAINTAINABILITY  DEMONSTRATION 
AND  REl  lABILITY  GROWTH  TESTS 

•  ACCEPTANCE 

SYSTEM  INTEGRATION  LABORATORY 

•  UE  INTERFACE  COMPATIBILITY 

MODIFICATION  CENTER 

•  HOST  VEHICLE  -  UE  INTEROPERABILITY 

•  MODIFICATION  INTEGRITY  AND  SAFETY 
OF  FLIGHT 

•  ELFCTR0MAGNE7IC  COMPATIBILITY 

FIELD  DEVELOPMENT.  TEST,  AND  EVALUATION  (DHE> 

•  RANGE  READINESS 

•  INITIAL  DEBUG 

•  PERFORMANCE 

DUE  OPERATIONAL  READINESS 

•  SPECIFICATION  COMPLIANCE 

•  INTEGRATED  PERFORMANCE 

COMBINED  ENVIRONMENTAL  RELIABILITY  TESTS 
INITIAL  OPERATIONAL  TEST  AND  EVALUATION  IIOUE) 


Figure  l.  OPS  Phase  II  User  Equipment  Test  a 


All  of  that*  taata  Involve  tha  totality  of  the  OPS  ayatam  (Flgura  2).  Thay  uaa 
algnala  from  tha  current  satellite*  to  taat  the  user  equipment  and  theraby  ara  ttatlng 
tha  OPS  aatallltae  and  their  ground  control. 


•  USER  EQUI PMENT 


•  INTEGRATED  WITH  HOST  VEHICLE 

•  CURRENT  SATELLITE  CONSTELLATION 

•  5  SATELLITES  WITH  ATOMIC  CLOCKS 
.  1  SATELLITE  WITH  CRYSTAL  CLOCK 

•  INTERIM  CONTROL  SEGMENT 

.  4  MONITOR  STATIONS 
.  MASTER  CONTROL  STATION 
.  DAILY  UPLOADS 

Figure  2.  Total  System  Testing 

At  present,  the  GPS  satellite  constellation  consists  of  six  satellites.  One  of 
thee  (Navstar  1)  employs  a  backup  crystal  clock  a  very  good  crystal  clock  indeed,  but 
its  signals  are  of  somewhat  inferior  quality.  The  other  five  (Navstars  3.4.S.&  and  8) 
provide  very  qood  quality  navigation,  and  for  the  purposes  of  this  presentation,  we 
will  limit  our  attention  to  those  five  satellites.  The  interim  control  segment,  which 
will  be  replaced  by  the  operational  control  segment  beginning  in  198S.  has  fout  monitor 
stations  (Guam,  llawa  i  i  ,  Alaska,  and  Vandenberg  Air  Force  Base)  and  a  master  control 
station  and  satellite  upload  station  which  are  also  at  Vandenberg  Air  Force  Base.  The 
master  control  station  uses  satellite  data  received  at  the  monitor  stations,  computes 
the  clock  errors  and  ephemeris  for  each  satellite  and  predicts  these  ahead.  Once  a  day 
its  newly  generated  uploads  are  sent  to  each  satellite. 

As  a  specific  example  of  what  the  satellite  constellation  means  to  a  user  or  to  a 
test  team,  let  us  suppose  that  we  are  conducting  a  GPS  test  here  at  Langley  today,  and 
look  at  the  satellite  coverage  we  have.  Figure  3  shows  the  elevations  angles  we  see  to 
each  of  the  five  satellites  which  are  operating  with  atomic  clocks.  We  see  that  at 
1:00  pm.  local  time,  this  afternoon  which  is  1900  GMT  we  are  in  the  middle  of  a 
period  of  five  satellite  visibility,  a  period  which  is  a  little  more  than  3  hours 
long.  At  this  time,  two  of  the  satellites  are  at  about  30  degrees  elevation,  two  near 
4S  degrees  and  one  is  above  SS  degrees. 

^’lANGlfY  NAV  3'PRN  6  Itrianglei  NAV6'PRN  9  Itxmrtiei 


Figure  3.  Elevation  Angles  to  Visible  Satellites  Langley 

Figure  4.  correspondingly,  shows  the  axtmuth  angles  to  the  satellites.  On  this 
figure.  0  degrees  is  north,  to  degrees  Is  east,  and  south  is  both  ♦  1*0  degrees  and 
1*0  degrees.  With  some  effort  we  can  determine  that  one  satellite  is  toward  the 
northeast,  two  to  the  northwest,  one  west,  and  one  southwest. 
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Figure  4.  Azimuth  Angles  to  Visible  GPS  Satellites 


before  we  take  up  the  quantitative  aspect  of  satellite  geometry  which  is, 

1 1 scour aq i nq 1 y .  railed  "dilution  of  precision."  we  should  qo  back  for  a  while  to  the 
control  segment:  in  particular,  to  the  question  of  when  the  newly  calculated  daily 
uploads  arc  sent  to  the  satellite.  As  noted  in  Figure  S.  the  basic  consideration 
governing  the  time  of  uploads  is  to  provide  good  quality  uploads  that  is.  ephemeris 
and  clock  predictions  to  support  teats  at  Yuma.  To  that  end.  data  are  collected  for 
as  long  as  possible,  and  the  doctrine  at  the  master  control  seqment  is  to  have  at  least 
one  set  of  data  from  each  satellite  taken  at  the  Vandenberg  monitor  station  which  is 
the  one  closest  to  Yuma.  Those  Vandenberq  data  must  be  taken  when  the  satellite  is  at 
least  10  degrees  above  the  horizon,  to  minimize  the  adverse  consequence  of  my  errors  in 
the  model  for  tropospheric  refraction. 


•  SUPPORT  4-SATELLITE  TESTING  AT  YUMA 

•  ORDERLY  WORK  LOAD  AT  MASTER  CONTROL  STATION 

•  SATELLITE  MEASUREMENTS  AVAILABLE  FROM  VANDENBERG 
MONITOR  STATION 

•  ABOVE  10  DEGREE  ELEVATION 

Figure  6.  Daily  Satellite  Upload  Schedule 


Figure  6  shows  the  satellite  elevations  as  seen  from  the  Vandenberg  monitor 
station,  and  it  also  shows  that  Navstars  3  and  4  were  scheduled  for  uploads  at  16)0 
GMT.  Navstar  a  for  1700  GMT  and  Navstars  S  and  6  for  1730  GMT.  In  fact,  the  whole 
upload  schedule  works  backwards  from  Navstar  6: 

The  Kalman  filter  in  the  MCS  runs  on  a  is  minute  cycle.  Navstar  S  reaches  10 
degrees  elevation  from  Vandenberg  at  1700.  data  from  it  are  Incorporated  into 
the  filter  for  the  1716  time  point,  and  then  a  new  upload  message  is  prepared 
and  sent  to  the  satellite,  which  begins  to  transmit  the  new  message  at  17)0. 

From  the  point  of  view  of  the  user  or  tester,  what  is  Important  is  that  the  final 
uploads  for  the  constellations  take  place  at  17)0. 
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figure  6.  Elevation  Angles  to  Visible  Satellites 

The  poop  (position  dilution  of  precision)  is  a  aeasure  of  how  satellite  qeometry 
affects  user  navigation.  Under  the  assuaption  that  the  user's  pseudo  ranglnq  errors 
are  normally  distributed,  with  the  saae  standard  deviation  for  each  satellite,  and  that 
the  errors  are  uncorrelated  froa  one  satellite  to  another,  the  expected  )  diaenslonal 
navigation  error  will  be  the  standard  deviation  multiplied  by  the  PDOP .  Thus,  the 
lower  the  PDOP  value  the  better. 

We  can  get  soae  feel  about  the  magnitude  of  PDOP  from  the  fact  that  the  priae 
specif icat ion  for  the  GPS  systea  defines  the  satellite  system  as  being  "ava i lable*  to  a 
user  if  he  has  at  least  four  satellites  in  view  and  these  give  a  PDOP  which  is  6  or 
1  ess  . 

Figure  7  shows  the  PDOP  achieved  here  at  Langley  by  the  current  constellation  of 
GPS  satellites.  Four  satellite  visibility  begins  when  Navstar  6  rises  and  the  PDOP  is 
about  f>  1/2.  Half  an  hour  later.  Navstar  S  rises,  and  five  satellites  are  in  view. 

Froa  that  time  until  2100  « : oo  o'clock  this  afternoon  here  the  PDOP  given  by  the  best 

combination  of  four  satellites  lies  between  3  1/2  and  S.  What  we  have  here  is  3  1/2 
hours  of  four  or  five  satellite  coverage  after  all  uploads  have  taken  place,  with 
excellent  geoaetry.  Thus,  for  length  of  coverage  and  favorable  geoaetry,  this  would  be 
an  excellent  place  at  which  to  test  GPS1 
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Figure  7.  Four  Satellite  ODOP.  PDOP 
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I'm  not  aware  of  any  formal  GPS  user  equipment  testinq  planned  for  t  he  Norfolk 

but  i»sis  jrr  planned  for  many  places  indeed.  In  fad  ,  as  shown  in  Figure  a.  t  hp 
'■tin  used  in  t  hp  user  equipment  test  program  are  stretched  across  the  North  American 
''fitment,  and  the  cattiet  and  the  submarine  will  take  user  equipment  in  operational 
deployments  into  the  pacific  during  initial  operational  test  and  evaluation 
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Figure  8.  Test  Locations  GPS  Phase  11  User  Equipment 


Let  s  look  at  the  visibility  times  for  four  or  five  satellite  coverage  at  the  two 
extreme  locations  identified  for  environmental  testing. 

At  Panama,  as  shown  in  Eiqure  1.  there  is  an  initial  period  before  the  last  upload 
in  which  the  PDOPs  are  larqe  and  increasing  rapidly.  The  constellation  is  saved  from  a 
singularity  by  the  rise  of  Navstar  6.  Thereafter,  there  is  a  prime  l  hour  and 
AS  minute  period  of  qood  geometry  involving  satellites  with  current  uploads,  which  is 
then  followed  by  almost  l  hours  with  PDOPs  in  the  10  12  range.  Because  the  PDOP  is 
outside  of  the  specification  availability  limit,  that  period  should  not  be  used  in 
assessing  navigation  accuracy,  but  it  could  perfectly  well  be  used  for  functional 
tests,  human  factor  tests,  etc. 
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f  n  Alaska 
hours  of  good 
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it  in  the  final  period,  as  shown  in  Figure  10.  which  provides  almost  2 
genet ry  after  the  uploads.  Today  this  period  begins  about  /  :  H)  in  the 
time,  but  as  we  know,  constellation  times  move  forward  about  4  minutes 
hours  per  month.  Figure  11  illustrates  how  this  fart  may  affect 
example,  in  Alaska  in  the  middle  of  February,  tests  needing  good  geometry 
midnight 
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Figure  10.  Pour  Satellite  GDOP.  PDOP 


Figure  11.  Beginning  Tiae  of  Good  Satellite  Geometry 


The  development,  test,  end  eveluetlon  field  teste  ere  being  conducted  in  the 
southwest  United  States  (Figure  12).  Aircraft  and  ground  host  vehicles,  with  which 
most  of  the  field  testing  hee  been  carried  out  so  far.  are  tasted  at  the  U.s.  Army  Yuma 
Proving  Ground  (YPG)  in  the  southwestern  pert  of  Arizona.  Plied  wing  aircraft,  when 
tasted  at  Yuma,  have  bean  staged  out  of  the  Naval  Air  Pacility  near  K1  Centro. 
California.  Helicopters  art  flown  out  of  tha  Laguna  Army  Air  Field  at  YPG. 

Tasting  at  sea.  involving  the  carrier  and  aubmarlna  host  vahiclaa.  is  lust 
beginning;  it  is  et  the  Navy's  SOCAL  ranges  which  lie  between  San  Diego  and  San 
Clemente  Island  (Figure  11).  Tha  Naval  Ocean  Syatema  Canter  (NOSC)  has  been  tasked  to 
develop  and  operate  the  SOCAL  teat  range  In  support  of  GPS  phase  II  tasting  of  user 
equipment.  In  doing  so,  NOSC  hae  upgraded  some  of  the  range  instrumentation  hardware, 
has  developed  entire  new  software  for  data  reduction  and  for  trajectory  reconstruction, 
and  has  adopted  naw  procedures  to  aaauro  inat rumantat Ion  accuracy. 
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K  l g u r  o  1 1  <n»r>  DT&K  Test  Locations:  Phase  II  UK 


MINI  RANG £R  ACCURACY 
1  -2  meter 


h'lquf  >  1).  SCXAL  Test  Range.  San  Diego.  San  Clemente  Island 


The  reference  trajectory  provided  by  the  SOCAL  range,  when  GPS  testing  is  performed 
aboard  the  aircraft  carrier  at  sea.  is  based  upon  the  Mini  Ranger  IV  Systea.  It  is  a 
suit l lateral  ion  systea  with  four  reference  stations  I i ransponders )  located  on  the 
aainland  shore,  froa  San  Diego  North  to  ('sap  Pendleton,  and  another  set  of  four 
reference  stations  located  on  San  Clemente  Island.  These  transponders  are  interrogated 
by  a  rece i ver / t r ansai t t et  aboard  the  ship.  The  ranges  froa  the  r ece i ve r / l r ansa i t t e r  to 
the  reference  stations  are  recorded  aboard  the  ship:  these  are  the  priaary  data 
output.  A  ship  trajectory  is  generated  in  real  itae  aboard  the  carrier:  ship's 
location  can  be  called  up  and  displayed  upon  operator  request.  The  ship  position 
solution  uses  roll,  pitch,  and  heading  inforaation  which  are  transaitted  froa  the 
ships  own  i ns i r uaent a t i on :  this  attitude  inforaation  is  also  recorded  tor  use  in 
post  test  trajectory  reconstruction. 

A  Kalman  filter  trajectory  reconstruction  prograa  is  used  post  test,  based  upon 
recorded  ranges  and  ship  altitude  inforaation  to  develop  ship  position  and  velocity  as 
a  function  of  tiae.  The  SOCAL  range  quotes  an  accuracy  of  froa  1  to  «  asters  for  this 
systea.  depending  upon  qeoaetry.  Figure  1).  which  is  based  upon  SOCAL  developed 
geoaetry.  also  contains  ay  own  est lasts  of  the  locations  at  which  accuracies  belter 
than  2  asters  can  be  achieved,  and  also  where  2  4  asters  can  be  achieved.  The  SOCAL 


r  <»  *y  i»stim*ti»s  *  r  p  banod  upon  *  numher  of  (prib  in  whi<’h  the  6«*me  target  was 
tracked  by  The  Mini  Hanger  system  an<1  hy  theodolites  from  a  precisely  known  shore 

i  ’  * 1  s  i  t  i .  n 


Ai;  tost  I'ontroi  is  performed  from  aboard  the  carrier  *  The  ship’s  raptain,  of 
•■utse.  is  in  i*»:mplete  operational  command:  the  GPV*  test  team  leader  is  aboard  the  ship 
and  has  available  the  real  time  Mini  Hanger  trajectory  and  the  data  from  the  GPS 

•  1  i  s  i  l  ays 

At  the  end  of  each  test,  the  logs,  the  GPS  tapes,  and  the  Mini  Hanger  data  tapes 
with  ships  attitude  information  are  all  transported  to  San  Diego.  At  the  NO50 

•  '  in inters  there,  the  Mini  Hanger  data  are  processed  to  provide  an  improved  trajertory 

‘I  he  >  navigation  solutions  are  transformed  to  the  local  (Mini  Hanger)  coordinate 

system,  and  the  ‘IPS  position  and  velocity  difference  from  the  Mini  Ranger  solution  are 
pi  tted  Also  plotted  are  GPS  receiver  channel  and  set  sratus.  presenting  a  picture  of 
the  'per  at  inns  of  the  set  over  time 

•;i user  equipment  development  tests  aboard  the  submarine  are  conducted  on  the  )  d 
a  rustic  range  whi*h  is  located,  as  shown  in  Figure  14.  near  the  northeast  part  of  San 
< '  1 e  m  e  n  t e  island  The  reference  t  r  a  ; «  •  t  o  r  y  is  derived  from  data  collected  from  four 
hydr  phenes  located  on  the  sea  bottom,  which  pick  up  and  transmit  to  a  control  station 
•  :i  San  '  lementp  Island  the  time  of  receipt  of  acoustic  signals  from  a  pinger  mounted  on 
the  bottom  of  the  submarine  hull  The  pinger  sends  out  one  pulse  per  second;  the 

♦.wing  is  precisely  controlled  by  a  rubidium  clock  on  the  submarine.  The  arrival  times 
are  vised  in  real  t  •  me  at  the  control  station  to  develop  an  approximate  submarine 
trajectory.  They  are  also  processed  after  the  test  using  a  Kalinin  filter  implemented 
;p<n  the  Niv.f'  oimputer.  NOSC  quotes  an  accuracy  of  2  to  0  meters  after  acoustic 
range  Figure  14  shows  estimates  of  the  areas  in  which,  respectively,  2  to  4  meter  and 
4  to  ft  meter  accuracy  can  be  achieved.  Please  note  on  Figure  14  that  the  coverage  is 
less  in  the  northeast  direction;  also  note  that  the  assymetries  in  the  accuracy  regions 
are  a  consequence  of  the  fact  that  the  hydrophone  closest  to  the  shore  is  at  a 
shallower  depth  than  the  other  three  hydrophones.  Good  accuracy  on  the  3  d  acoustic 
range  requires  an  accurate  sound  velocity  profile.  NOSC  uses  seasonal  and  monthly 
profiles  augmented  by  daily  sound  velocity  measurements  through  the  surface  layer  (a 
few  hundred  feet).  Depending  upon  submarine  operational  conditions,  the  logs  generated 
onboard  from  a  test  and  the  GPS  tapes  are  taken  daily.  or  perhaps  even  weekly,  to  San 
Diego  There, in  the  same  way  as  in  the  case  of  the  aircraft  carrier.  GPS  navigation 
data  and  status  plots  are  prepared. 


During  a  submarine  teat,  the  captain  is  in  complete  control  of  the  submarine 
movements.  Usually  a  representative  of  the  test  team  leader  will  be  aboard.  He  will 
direct  the  set  operator.  The  test  teem  leader  will  usually  be  on  San  Clemente  Island 
at  the  control  station;  he  will  have  available  the  real-time  3  d  trajectory. 
Communications  are  maintained  between  the  control  station  and  submarine  by  either  or 
both  radio  and  underwater  telephone.  The  test  team  leader  can  advise  hla  delegate  as 
to  the  continuing  test  objectives.  After  the  quick  look  package  (coneistlng  of  logs, 
navigation  differences,  trajectory  position  ind  velocity,  and  OPS  status)  has  been 
prepared  by  NOSC,  ell  the  quick  look  material  is  reviewed  by  the  data  analysis  working 
group.  Normally,  this  includes  rspressntet i ves  from  th#  NOSC  rang#,  ths  test  tsam,  the 
participating  teat  organization,  end  the  Joint  Program  Office;  usually  ths  UH 


*  ijt.*  y  ♦•»;!  .*  r  »*  basod  upon  a  number  of  (pbir  in  whi^h  the  target  was 

i  r -i  ■  k  *  *  by  t  h*=*  Mini  Hangar  syst  pis  an*1  by  t  h*<'»do  I  i  t  pb  from  a  prp'MsPly  known  shorp 

l  ■  ■  fi  i  f  i«ii 

Ai>  1  ‘‘S’  '>ntr*  l  \  a  performed  f  r --m  aboard  the  carrier.  *  ThP  ship's  rapt  a  in.  of 
'  msh.  is  in  ci.mp  1  et  e  operational  romiiian.l,  the  GPS  tost  t  pan  lea<1<*r  is  aboard  th«*  ship 
*nd  r><*^  availat.e  t  tn>  tpal  t  up  Mini  Hangar  trajectory  and  t  hP  data  from  the  GPS 
'  .  p  ;  ays 

At  f  tip  «*rii1  of  i>arh  t**sr.  r  hp  logs,  f  hp  GPS  tapes,  and  the*  Mini  Hanger  data  tapes 
w;*h  ‘-flips  at  tit  vide  information  arp  all  transported  to  San  Diego  At  t  he  NOSC 

•input  ers  t:.«*re.  trip  Mini  Hanger  data  arp  processed  to  provide  an  improved  trajectory. 
:*p  II S  navigation  solutions  are  transformed  to  the  local  (Mini  Hanger)  coordinate 
vys’em.  and  the  GIT.  t  w  n  and  velocity  different**  from  the  Mini  Ranger  solution  are 

p.  *te<l  Also  plotted  are  GPS  rerpiver  channel  and  set  status,  presenting  a  picture  of 
f  ?.e  'I'Pfat  b>ns  of  the  set  over  time 

•IP*.'  user  eguipmpnt  development  tests  aboard  the  submarine  are  conducted  on  the  J  d 
a  'oust  i  -  range  which  is  located,  as  shown  in  Figure  14.  near  the  northeast  part  of  San 
■.  emen’e  Island  The  referencp  trajectory  is  derived  from  data  collected  from  four 
hydt  'V  h  ••■nes  located  on  the  sea  bottom,  which  pick  up  and  transmit  to  a  control  station 
ri  San  -'IemenTp  Island  the  rime  of  receipt  of  acoustic  signals  from  a  pinger  mounted  on 
the  t  .  r r  .  m  .f  the  submarine  hull  The  pinger  sends  out  one  pulse  per  second;  the 
timing  is  precisely  cont rolled  by  a  rubidium  clock  on  the  submarine.  The  arrival  times 
are  used  in  real  time  at  the  control  station  to  develop  an  approximate  submarine 
trajectory  They  are  also  processed  after  the  test  using  a  Kalinin  filter  implemented 
upon  the  NOC.i"  mputer.  NOSC  guotes  an  accuracy  of  2  to  8  meters  after  acoustic 
range  Figure  14  shows  estimates  of  the  areas  in  which,  respectively,  2  to  4  meter  and 
4  to  8  meter  accuracy  can  be  achieved.  Please  note  on  Figure  14  that  the  coverage  is 
less  in  the  northeast  direction;  also  note  that  the  assymetries  in  the  accuracy  regions 
are  a  consequence  of  The  fact  that  the  hydrophone  closest  to  the  shore  is  at  a 
shallower  depth  than  the  other  three  hydrophones  Good  accuracy  on  the  1  d  acoustic 
range  requires  an  accurate  sound  velocity  profile.  NOSC  uses  seasonal  and  monthly 
profiles  augmented  by  daily  sound  velocity  measurements  through  the  surface  layer  (a 
few  hundred  feet).  Depending  upon  submarine  operational  conditions,  the  logs  generated 
onboard  from  a  test  and  the  GPS  tapes  are  taken  daily.  or  perhaps  even  weekly,  to  San 
Diego.  There, in  the  same  way  a s  in  the  case  of  the  aircraft  carrier,  GPS  navigation 
data  and  status  plots  are  prepared 
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figure  14.  SOCAL  3  d  Acoustic  Rang, 


During  •  lubair ln<  teat,  the  captain  ia  in  coaplete  control  of  tha  eubaarine 
aovaaanta.  Usually  a  rapraaantat Iva  of  tha  taat  taaa  laadar  will  ba  aboard.  Ha  will 
dlract  tha  aat  oparator.  Tha  taat  taaa  laadar  will  usually  ba  on  San  Claaanta  laland 
at  tha  control  station;  ha  will  hava  available  tha  real  tins  l  d  trajectory. 

Coaauntcet ions  are  aaintalnsd  between  tha  control  station  and  aubaarina  by  either  or 
both  radio  and  underwater  telephone.  Tha  taat  taaa  laadar  can  advise  hla  dalagata  as 
to  tha  continuing  taat  objectives.  After  tha  quick  look  package  (consisting  of  logs, 
navigation  differences,  trajectory  position  and  velocity,  and  OPS  status)  has  been 
prepared  by  NOSC.  all  tha  gulck  look  aatartal  ia  reviewed  by  the  data  analyeie  working 
group.  Noraelly.  this  Includes  repretentat 1 vea  froa  the  NOSC  range,  the  teat  teaa.  the 
part lclpat lng  test  organizer  ton.  and  the  Joint  Prograa  Office;  ueually  the  UB 


r  !  <-r  ik  invited  to  participate  also.  The  findings  of  this  data  review  are  used 
in  planning  succeeding  missions  and  are  also  included  in  the  data  pack  which  is  sent  to 
t  tie  .ip",  i  IF  contractor,  the  pa  r  r  i  c  i  pa  t  i  ng  organization  and  the  data  analysis 
contractor  A  major  function  of  the  data  analysis  team  in  reviewing  the  guick  look 
package  is  to  identify  (l)  Any  periods  in  which  the  range  trajectory  is  invalid; 
t i  >  Any  periods  in  which  the  GPS  data  are  invalid,  and  if  possible,  the  reasons  for 
this  invalidity.  <i)  The  test  segments  which  will  be  analyzed  by  the  data  analysis 
■  •  Mit  r  act  or 


*  ’n  i  *•<  September,  a  combined  (IPS 1  subma  r  i  ne  3  d  range  checkout  test  took  place 
Kigute  .  ‘  shows  the  intended  submarine  track;  it  also  shows  the  profile  actually 
sailed  What  happened  was  that  the  submarine  encountered  small  boat  traffic  during 
each  f  the  two  turns  at  the  south  end  of  the  3  d  range.  In  one  case,  the  small  boats 
were  fishermen,  and  the  second  rase,  they  were  pleasure  craft.  There  was  a  computer 
interface  pr <tiem  early  in  the  rest,  resulting  in  loss  of  3d  range  data  early  in  the 
rest  and  ;n  a  riming  discrepancy  which  had  to  be  straightened  out  later.  A 

procedure  ir-Mem  aboard  the  submarine  appeared  to  result  in  an  improper  antenna 
connect  ;,  n  The  GPS  set  had  two  periods  in  which  it  is  known  to  have  operated 

rrec* l y .  another  period  in  which  it  is  known  to  have  been  operating  incor r ect ly, and  a 
fairly  long  period  in  which  (because  of  the  loss  of  3  d  range  data)  the  operating 
c.rdition  rf  the  6et  is  unknown.  All  of  these  situations  are  typical  of  a  checkout 
test,  and  corrective  actions  were  identified.  In  particular,  a  patrol  boat  will  be 
provided  to  keep  the  range  clear 


figure  IS  System  rheckout :  SSN.  GPS.  3  d  Acoustic  Range.  IS  September  1983 


Host  of  the  GPS  user  equipment  testing  so  far  has  taken  place  at  Yuma  Proving 
Ground  with  DTfcK  host  vehicles,  which  are  a  C  141  aircraft  and  two  M  3S  trucks  (one  for 
each  contractor).  These  provide  supplies  and  full  DT4K  instrumentation  of  the  set. 

The  trucks  and  the  aircraft  are  equipped  with  telemetry,  sending  GPS  data  down  in  real 

time 

GPS  tests  have  been  conducted  at  the  U.S.  Army  Yuma  Proving  Ground  for  the  better 
part  of  a  decade.  The  Yuma  range  (Figure  16)  has  available  a  large  range  controlled 
air  spare,  excellent  laser  tracking  capability,  facilities  for  controlling  two 
simultaneous  missions,  and  compu t a t i ona 1  support  for  post  flight  data  reduction 
because  Yuma  is  located  in  a  desert,  few  tests  are  postponed  because  of  weather,  and 
the  clear  atmosphere  gives  high  confidence  in  routine  use  of  laser  tracking  from  ground 
level  to  high  altitude  (laser  trackers  cannot  penetrate  clouds). 

Shown  in  Figure  16  are  the  locations  of  ths  six  laser  trackers  at  Yuma  Proving 
Ground.  The  tracking  accuracy  is  estimated  as  from  2  to  3  meters  for  single  laser 
solutions.  Also  shown  in  Figure  17  le  my  own  estimate  of  the  regions  in  which, 
respectively,  2  meter  and  2  3  meter  accuracy  can  be  achieved.  Figure  17  shows  the 
PDOPs  which  exist  at  Yuma  with  the  current  satellite  constellation.  Note  that  there  la 
about  l  3/4  hour  of  good  geometry  time  available  after  the  completion  of  satellite 
uploads.  After  Navstar  8  sets,  there  is  an  additional  l  1/2  hours  during  which  the 
POOP  is  greater  than  the  availability  specification  value;  during  this  period, 
performance  evaluation  is  1 nappropr late,  but  such  tests  as  checking  set  functions  can 
readily  be  carried  out. 
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Test  operations  at  Yuma  are  built  around  a  real  tine  system  tor  control,  data 
collection,  and  display*  In  Pigure  18,  which  hag  too  much  information  on  it.  w#  first 
notice  the  capability  for  the  two  completely  separate  missions  in  two  separate  mission 
control  centers  Keen  one  ha*  five  cathode  ray  tube  displays  on  which  a  variety  of  data 
can  tie  presented. 

During  a  mission,  a  control  center  may  have  a*  many  a*  four  different  contollers 
and  several  passive  observers: 

1  The  test  team  leader  has  a  console.  He  is  in  charge  of  the  mission  and 

can  communicate  with  any  other  test  participant. 


A  YPG  employee  directs  the  aircraft.  He  communicates  with  the  pilot,  and 
uses  a  display  of  the  Intended  trajectory  and  the  actual  trajectory  and 
gives  instructions  to  the  pilot  as  to  turns  and  altitude  changes. 


Figure  la  YPG  Real  Time  Test  Operations 


i  Another  range  employee  is  the  instrumentation  conitollet.  He  is 

responsible  for  the  correct  operation  of  the  telemetry  equipment,  for  the 
operations  of  the  lasers,  and  any  other  instrumentation  which  is  in  use 
He  is  capable  of  removing  a  laser  from  consideration  as  the  source  of  the 
RTK  (teal  time  trajectory  estimate).  He  can  also  require  any  instrument 
to  be  ti,«  HTK  solution. 

4  Normally,  a  UK  contractor  representative  occupies  one  of  the  consoles  and 

ran  communicate  with  the  set  operator  onboard  the  aircraft 

observers  have  the  opportunity  to  watch  any  one  of  many  possible  displays  These 
include  differences  between  the  telemetry  GPS  navigation  solution  and  the  KTK  either  In 
position  or  velocity;  also  included  is  the  capability  to  watch  the  GPS  status  and 
general  figure  strengths 

All  data  recorded  on  r he  GPS  onboard  tapes  are  also  sent  by  telemetry  to  the 
real  time  computers  in  the  mission  operations  center  The  entire  data  stream  i6  saved; 
some  of  the  data  are  stripped  off  and  used  in  the  real  time  displays 

The  raw  range,  azimuth,  and  elevation  data  from  each  of  the  six  lassers  are  sent  20 
times  per  second  to  the  real  time  computer  Calibration  and  refraction  corrections  ate 
applied,  and  a  separate  trajectory  is  generated  for  each  laser.  The  trajectory  Is 
computed  by  a  fixed  gain  retrospective  filter.  “Retrospective"  means  that  the  solution 
which  comes  out  of  the  filter  is  l  second  earlier  in  time  then  the  latest  data  into  the 
filter 

The  real  time  trajectory  estimate  (RTK)  is  one  of  the  single  laser  solutions 
Usually,  the  selected  laser  is  the  later  closest  to  the  aircraft,  so  lonq  as  that  laser 
indicates  that  its  data  are  valid.  Immediately  after  a  mission  YPG.  using  telemetry 
data,  generates  a  data  paclt  consisting  of  plots  of  the  aircraft  trajectory  position  and 
velocity.  GPS  RTK  differences  (these  are  illustrated  In  figure*  19  and  20).  and  GPS 
status;  all  are  plotted  la  1/2  hout  segment*.  The  entire  TPG  data  pack  as  well  as  a 
merged  tape  containing  GPS.  laser  tracker.  and  1RCC  data  are  ready  for  analysis  within 
a  to  6  working  hours  after  the  end  of  a  mission.  Sometimes  too.  they  are  generated  on 
overtime  Immediately  after  a  mission,  even  in  the  very  early  hours  of  the  morning. 

Sometime  ago.  1  decided  almost  casually  to  use  24  June  198)  as  an  example  of 
testing  at  Yuma,  simply  on  ths  bssis  that  it  sssmsd  that  quits  s  few  tests  hsd  besn 
conducted  thet  day.  figure  21  represents  ths  prs  test  planning  status.  A  major 
constraint  was  ths  tact  that  ths  sits  46  lassr  was  bslng  repaired;  ths  azimuth  servo 
motor  was  out  bscsuss  of  s  coolant  lask.  This  laser  Is  ths  ons  which  tracks  ground 
vehiclss  on  ths  dynammeter  course.  Thar#  could  bs  no  Instrumsntsd  tssts  using  the  M  J S 
truck.  Consequently,  ths  truck  snd  its  ons  channel  set  wars  sat  up  for  a  special  test, 
to  check  the  satellite  selection  algorithm.  This  required  use  of  Navetar  1  (the 
satellite  wth  ths  backup  crystal  clock)  so  that  navigation  performance  par  ||  was  not 
a  test  ob  Js  •»  i vs  . 
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Figure  19.  Position  Differences:  GPS  HTK 


INI  Z 

^  s  0 

a! 

6 


1 

S 

>-  2? 

•O  0 


44*  v-  «Vv  ^V’t Y  V ^ 


x 
> 

<  * 


-1 


HDUE I UHlH 
20  MAY  1983 


rV-.-t^-.V;  v/vf*-*-. 


* 

y  0  trvifyW^  -/y*  ‘Y^  >  ^VfVV|  /^•^y***'**?^  ^vi1 


3:45 


3:50 

TIME  (GMTI 


3:55 


Figure  20.  Velocity  Differences:  GPS  RTK 


A  static  shakedown  test  was  scheduled  for  another  one  channel  set  integrated  with 
the  M  60  tank. 

Three  different  sets  were  to  be  flown  aboard  the  C  141  aircraft,  all  with  the  baelc 
objective  of  determining  navigation  performance  under  dynamic  conditions.  This 
aircraft  was  to  fly  racetrack  profile  at  an  altitude  of  6200  meters;  two  thirds  of  the 
racetracks  were  to  be  flown  with  10°  bank  turns,  categorised  as  moderate  dynamics, 
while  the  reet  were  to  have  60°  bank  turns  high  dynamics.  The  real  time  mission's 
control  rooms  were  dedicated  to  the  two  2  channel  sets,  one  for  each  contractor.  The 
two  rooms  are  at  least  a  100  foot  walk  apart,  and  one  Is  In  an  additionally  controlled 
area,  so  that  the  two  competing  contractors  were  effectively  separated. 

The  results  of  the  dsy's  operation  were  a  mixture  of  euccees  and  parttal  success. 
Ptrst  of  all.  the  physical  operations  were  all  completely  nominal.  Pro  test  and 
post  test  briefings  were  held  ae  scheduled,  and  the  aircraft  flew  as  planned,  going 
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figure  21  A  GPS  Test  Day  at  YPG  24  June  1981  Summary 


The  satellites  and  control  segment  performed  well  within  spec i f i ca t i ons :  the 
largest  radial  error  measured  at  the  IRCC  receiver  (we'll  talk  more  about  that  later), 
was  10  meters,  and  most  of  the  time  the  errors  were  a  good  deal  less. 

One  of  the  remaining  lasers  had  an  attenuator  problem.  It  continued  to  operate, 
but  the  instrumentation  controller  removed  it  as  a  possible  RTF  source. 

As  expected,  there  were  some  GPS  signal  dropouts:  these  occurred  in  turns  and  were 
attributed  to  masking  of  the  antenna  by  aircraft  structure. 

There  were  also  some  brief  telemetry  dropouts.  These  are  also  believed  to  have 
been  caused  by  masking.  The  consequences  of  the  dropouts  were  deemed  minor  in  that  the 
decision  was  made  to  do  all  possible  post  flight  data  processing  with  recorded 
t  e 1 emet  r  y 

There  was  good  data  from  one  of  the  airborne  sets.  At  the  post  mission  quick  look 
data  analysis  meetinq.  the  entire  flight  was  identified  for  performance  evaluation,  and 
18  different  flight  segments  were  selected. 

Kach  of  the  other  two  airborne  receivers  experienced  problems.  These  were  written 
up  as  deficiencies  during  the  quick  look  data  analysis  meeting:  performance  evaluation 
was  ruled  out  . 

The  satellite  selection  algorithms  worked.  Data  collection  was  prematurely  halted 
on  the  tank  set  because  of  an  interface  problem. 

Go  we  had  a  busy  day.  Having  two  lasers  out  was  a  rare  event,  and  the  site  12 
lasers  were  back  in  operation  the  next  day. 

since  we  have  already  referred  at  least  twice  to  analysis  of  the  field  test  data, 
it  is  in  order  to  talk  specifically  about  data  analysis  procedures.  For  the  Joint 
Program  Office,  deta  analysis  is  under  the  Data  Analysis  Norking  Group  (DANG).  The 
Manager  of  that  qroup  is  Sqn.  Lt .  Brian  Sposen.  RAF.  He  is  responsible  for.  among  many 
other  things,  planning  all  data  analysis  and  coordinating  that  planning  with  all 
par t 1 c i pat ing  test  organi tat  ions .  for  a  data  management  system  to  allow  cross  reference 
f i om  test  objectives  to  test  results  and  test  reports,  and  for  assessment  of  quick  look 
data,  maintenance  of  the  data  base,  and  tracking  the  achievement  of  objectives.  He  is 
assisted  in  data  base  management  and  data  processing  for  performance  evaluation  by  a 
data  analysis  contractor 

Figure  24  sketches  the  data  analysis  procedures  which  directly  apply  to  field  test 
results.  Ne  should  emphasize  the  important  role  played  by  test  planning  and  real  time 
monitoring  of  the  test.  At  Yuma,  the  capability  to  monitor  by  telemetry  the  set 
operation  in  teal  time  allows  the  Data  Analysis  Norking  Group  representative  to  watch 
the  whole  mission.  He  is  then  well  prepared  to  lead  the  quick  look  mission  assessment, 
which  takes  pl-ce  as  soon  as  the  Proving  Ground  has  the  trajectory,  difference,  and  GPS 
status  plots  ready  (l.et  me.  please,  add  a  personal  note.  A  major  benefit  from 
observing  a  mission  in  real  time  is  that  the  events  pass  by  at  one  second  per  second. 
You  cannot  skim  over  a  half  hour  plot  with  just  two  looks.  You  might  overlook  a  little 
glitch  on  a  plot,  but  when  you  see  it  happen  and  then  happen  again  under  a  similar  set 
of  circumstances,  you  are  strongly  motivated  to  understand  what  is  going  on.) 
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.  SET  OPERATIONS  AND  FUNCTIONS 
.  POST  MISSION  DEBRIEF 
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.  ANOMALY  IDENTIFICATION 
.  DATA  VALIDITY 
.  TEST  SEGMENTS  FOR  ANALYSIS 

•  PERFORMANCE  ASSESSMENT 

.  DATA  ANALYSIS  CONTRACTOR 

.  AIL  IDENTIFIED  SEGMENTS 

.  TEST  RESULTS  DATA  BASE  SET  TYPE. 

CONTRACTOR.  DYNAMICS.  HOST  VEHICLE 

figure  24  Data  Analysis  Procedures  for  field  Test  Results 

the  quick  look  analysis  is  a  Data  Analysis  Working  Group  activity  led  by  a  DAWG 
representative.  Participants  include  the  JPO.  the  test  range,  the  pa r t i c i pa t i ng  test 
or gant rat  ions  and  the  data  analysis  contractor.  We  always  try  to  have  the 
pa r t ic i pa t i on .  too.  of  the  field  engineer  of  the  user  equipment  contractor.  The 
procedure  is  first  to  review  all  test  logs  and  all  plots  and  pick  out  all  anomalies, 
determine  whether  they  are  familiar  or  new.  and  attempt  to  identify  at  least  the 
clt cumst ances .  We  look  at  the  laser  (or  Mini  Ranger  or  3  d  acoustic)  data  provided  by 
the  range  to  determine  whether  any  segments  should  be  discarded  on  the  basis  of 
questionable  reference  trajectory  accuracy  and  to  help  subsequent  analysis  by  pointing 
out  range  data  gap6  and  transient  conditions.  A  major  and  time  consuming  task  is  to 
select  and  categorize  the  various  test  segments  which  the  data  analysis  contractor  will 
treat  as  essentially  homogeneous.  Segments  are  categorized  by  dynamic  conditions  and 
by  test  objectives  (for  example:  general  navigation  or  time  to  first  fix).  All  periods 
with  invalid  data  of  any  kind  are  specifically  identified  for  exclusion.  Thus,  the 
initial  selection  decisions  are  made  in  the  field  promptly,  and  by  program  office  and 
tost  organization  representatives.  They  are  not  made  by  the  data  analysis  contractor. 

The  data  analysis  contractor  receives  the  merged  tape  with  GPS.  RTE.  and  IRCC  data, 
the  entire  data  pack,  and  the  processing  instructions  from  the  DAWG.  He  processes  all 
indicated  segments  and  for  navigation  segments,  computes  mean  and  rms  errors  in 
position  and  velocity.  He  prepares  a  standard  set  of  plots  for  each  segment.  For 
summary  purposes,  he  combines  segment  data  into  mission  and  ensemble  results  and 
enters  these  into  his  data  base.  The  plots  and  data  base  can  be  called  up  from 
authorized  remote  terminals,  located  at  the  Joint  Program  Office,  at  Yuma,  and  at  NOSC 
in  San  Diego 

Another  aspect  to  GPS  field  testing  is  the  performance  of  the  control  segment  and 
the  space  segment,  when  we  consider  the  navigation  accuracy  achieved  in  a  test,  we 
compare  the  output  of  the  set  with  the  trajectory  determined  by  range  instrumentation. 
Any  error  introduced  by.  for  example,  an  unstable  satellite  clock  or  by  an  imprecise 
prediction  of  satellite  ephemeris  is  directly  transformed  into  position  and  velocity 
errors,  and  they  are  included.  The  data  analysis  contractor  does  not  correct  for  spare 
segment  and  control  segment  errors. 

The  satellite  data  message  is  a  predict  ion  made  (currently  once  per  day)  by  the 
control  segment  of  what  the  ephemeris  and  clock  parameters  will  be.  The  control 
segment  Kalman  filter  also  estimates,  once  every  IS  minutes,  what  are  the  current 
satellite  location  and  clock  states.  For  quality  control,  the  control  segment  compares 
its  predicted  values  with  those  it  currently  estimates  and  (for  ease  of  Interpretation) 
expresses  the  comparison  in  terms  of  its  best  estimate  of  the  pseudo  range  errors  which 
would  be  experienced  by  a  user  at  Yuma  (or  any  other  destred  location  several  can  be 
calculated  at  once).  Figure  2S  is  an  example  of  the  user  ranging  error  (URE)  plots 
routinely  issued.  In  this  figure  we  note  first  that  UREs  on  this  day  are  in  the 
small  to  2S  meter  range  when  using  the  data  messages  prepared  the  day  before.  Me  see 
the  two  sets  of  new  uploads,  an  hour  apart.  Me  see  subsequent  UREs  of  the  order  of  1  to 
2  meters  through  the  rest  of  this  plot,  covering  much  of  the  Yuma  four  satellite 
visibility  period.  The  control  segment  here  consldere  that  upload  to  be  of  acceptable 
quality;  if  the  URE  threatened  to  exceed  «.S  meters,  a  "contingency  upload’  would  be 
prepared . 
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Figure  2S.  Control  Segment  Estimates  of  U»er  Ranging  Error 
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A  conceptual  problem  with  this  procedure  la  that  it  la  entirely  baaed  on  data 
internal  to  the  control  aetaent  itself  and.  by  the  nature  of  Kalman  filtera.  the  UREa 
would  be  zero  if  the  aonltor  atatlona  were  not  providing  any  data  at  a  1 1 1  (It  Is  really 
not  necessary  to  print  out  that  the  control  segaent  would  highlight  any  such 
s i t ua t  ions  .  ) 

At  Yuma .  there  is  a  separate  aonltor.  A  wel 1 • cal ibrated,  heavily  Instrumented,  and 
continuously  aaintained  receiver  la  located  In  the  aiddle  of  the  range  at  a  well  known 
survey  point.  During  testing  at  Yuaa.  it  aonitors  all  visible  satellites  and.  at  an 
18  second  data  Interval,  inputs  a  so-called  ground  truth  solution.  This  is  a  close 
approsiaat ion  to  what  a  perfect  GPS  set  would  give  at  Yuaa.  The  continuous  lines  on 
Figure  26  are  outputs  from  this  receiver,  showing  the  difference  between  its  navigation 
solutions  and  its  known  location.  Before  the  upload  at  ):1S,  we  see  biased  and 
drifting  solutions  and  after  the  upload,  we  see  that  the  drifts  were  effectively 
eliminated.  The  biggest  error  left  is  an  altitude  bias  of  about  6  asters.  The 
discrete  points  in  Figure  26  were  computed  by  transforming  the  UREa  (Figure  26)  into 
x.  y.  z  coordinates.  The  agreement  between  the  two  different  sets  of  data  is 
excellent.  The  vertical  lines  are  a  conservative  estimate  of  the  expected  magnitude  of 
the  difference  between  the  two  methods  of  estimating  space  segment/control  segment 
errors,  and  what  we  see  supports  the  validity  of  both  methods.  Thus,  we  are  not  only 
including  the  performance  of  the  space  and  control  segments  in  our  evaluation  of  user 
equipment  accuracy,  we  are  also  constantly  assessing  that  performance. 
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Figure  26.  Ground  Truth  Comparison  26  May  198} 
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Kiguim  li  is  a  count  of  t  h«»  t^Bts  conducted  at  Yuaa  as  of  ear  ly  September;  these 
»r*  1  is  tpRtfi  for  which  data  packs  have  been  distributed 

Ar  of  today,  we  have  not  completed  the  planned  PTfcE  field  testing;  we  are  heavily 
into  '.'*11.  and  MOP  center  tests;  we  have  bequn  operational  readiness  testing  with  Army 
man  packs  Some  very  preliminary  results  taken  from  the  data  base  maintained  by  the 
data  analysis  contractor  indicate  that  the  seta  tested  are  not  yet  mature.  They 
suggest,  however,  that  the  level  of  achieved  performance  is  within  spec i f 1 ca t i ons . 


•  84  DAYS  WITH  USTS 

•  57  WITH  1  TEST 

•  10  WITH  ?  TESTS 

•  11  WITH  }  TESTS 

•  5  WITH  4  TESTS 

•  1  WITH  5  TESTS 


figure  l> .  field  Tests  at  Yuma  and  El  Centro  through  6  September  1981 


finally,  as  noted  in  Figure  28.  the  GPS  test  proqram  is  well  underway,  and 
exercises  all  three  program  segments.  It  is  capable  of  providing  data  to  support  the 
comprehensive  evaluations  of  the  competing  user  contractor  sets  and  determining  the  set 
capabilities  and  the  GPS  military  utility  and  operational  suitability. 


•  TEST  PROGRAM  EXERCISES 

•  SATELLITE  SEGMENT 

•  CONTROL  SEGMENT 

•  USER  SEGMENT 

•  COMPREHENSIVE.  COMPETITIVE 
EVALUATION 

.  CAPABILITIES 

•  MILITARY  UTILITY 

•  OPERATIONAL  SUITABILITY 

•  HEAVILY  UNDERWAY 

Figure  28.  Summery  of  GPS  Teet  Program 
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SJ'MMARV 

The  Navstar  Global  Positioning  System  created  when  the  United  States  Deputy  Secretary  ol  Defense 
directed  that  separatr  >  I  lorts  by  the  U.S.  Navy  and  the  U.S.  Air  Force  to  develop  a  satellite-based 
navigation  svatea  be  combined  into  a  single  program  and  plated  under  the  rxerutlvr  control  of  the  t'SAP. 
It,  lQ/8,  at  the  invitation  of  the  United  Statea,  nine  NATO  nations  joined  the  project  by  establishing  a 
NAT<-  team  at  the  Navstar  .Joint  Prograa  Office.  Tills  paper  outlines  NATO  involvement  in  the  program, 
highlights  some  of  the  unique,  operat ional ly  significant  features  of  the  system,  and  describee  n  few 
representative  operational  scenarios  where  the  benefits  of  Navstor  would  be  particularly  useful. 


;  NTRODVCT 1  ON 

In  1969  the  NATO  Militmy  Committee  published  a  navigation  requirements  document  fMC  139)  which 
outlined  the  required  character  1 st i cs  of  navigation  systems  for  all  military  appl 1  cat  1 ons .  These 
r hararter 1 Ht 1 cs  Included  the  requirement  for  world  wide  operations  in  nry  weather  condition,  at  all 
times  of  the  day  or  night,  And  protection  to  the  maximum  extent  possible  against  destruction,  Jamming 
or  unauthorised  use.  In  addition,  these  systems  were  to  make  use  of  a  common  frame  of  reference. 

Although  in  1°69  there  was  no  single  candidate  system  on  the  horizon  to  meet  these  requirements, 
the  preceding  charac t er 1 st 1 cs  provide  a  very  accurate  description  of  the  Navstar  Global  Positioning 
System  as  far  a*  they  go.  Of  course,  Navstor  has  an  even  longer  list  of  attributes,  including  passive- 
operation,  extreme  accuracy,  and  the  capacity  for  an  unlimited  number  of  users.  The  system  promises  to 
provide  navigation  and  positioning  information  of  unprecedented  accuracy,  and  If  adopted  widely 
throughout  NATO  should  lead  to  improved  force  coordination  and  a  considerable  reduction  in  navi gat  for 
support  costs.  This  paper  will  outline  NATO  involvement  In  the  Navstar  project  and  will  then  discuss  a 
few  scenarios  lr  the  NATO  environment  where  Navatar  promises  to  provide  significant  benefits. 

NATO  INVOLVEMENT 

NATO  involvement  In  the  Navstar  Global  Positioning  System  was  made  possible  by  an  offer  from  the 
United  States  to  all  NATO  nations  to  participate  in  the  Full  Scale  Engineering  Development  phase  of  the 
program.  Thia  early  involvement  by  so  many  nations  in  a  major  U.S.  development  program  was  unique.  In 
1978,  nine  nations  agreed  to  participate  in  the  program  ard  a  multi-national  Memorandum  of 
Under standing  was  prepared  and  signed  by  the  National  Armament  Directors.  A  NATO  Navstar  Steering 
Committee  comprising  national  principal  representatives  from  each  of  the  participants  was  established 
to  ensure  effective  implementation  of  the  MOU  and  to  manage  the  activities  of  a  NATO  team  at  the  Joint 
Program  Office. 

The  NATO  team  of  12  officers  was  established  at  the  U.S.  Joint  Prograa  Office  in  the  fall  of  1978 
under  the  leadership  of  a  NATO  Deputy  Program  Manager.  Members  of  the  team  were  fully  Integrated  Into 
the  Program  Office  in  management ,  engineering  and  logistic  support  positions.  The  purpose  of  the  team 
la  to  contribute  to  the  U.S.  development  program  and  to  establish  a  flow  of  Information  back  to  the 
nations  to  assist  the  nations  in  reschlng  decisions  on  the  eventual  employment  of  Navstar.  Thia 
information  I  low  is  government  to  government,  is  controlled  by  the  NATO  DPW,  and  la  coordinated  lr,  each 
country  by  the  national  principal  representative. 

Recently,  It  has  become  apparent  that  NATO  Involvement  beyond  the  formal  Pltase  II  portion  of  the 
program  la  essential  if  NATO  nations  are  to  be  kept  fully  informed  on  the  evolution  of  the  system.  As 
a  result  the  Memorandum  ol  Understanding  has  recently  been  revised  to  ensure  NATO  part iclpat ion  until 
the  1988  time  frame.  This  revised  MOU  Is  expected  to  be  signed  by  the  National  Armament  Directors  in 
October  1983. 

PRECISE  TIME 

Navstar  is  advertised  and  widely  thought  of  as  s  positioning  system.  However  It  Is  much  more  than 
that.  To  begin  with.  It  offers  not  only  very  precise  positioning  information,  but  also  very  precise 
velocity  and  time.  The  potential  of  Navatar  as  a  time  source  is  often  forgotten  In  discussions  with 
the  various  user  communities.  However,  the  usefulness  of  a  time  source  accurate  to  microseconds  or 
even  nanoseconds  Is  becoming  Increasingly  apparent  with  the  proliferation  of  sophisticated  time 
dependent  communication,  identification,  reconnaissance ,  and  precision  location  systems. 

PASSIVE  OPERATION 

Another  aspect  of  Navstar  considered  to  be  of  overwhelming  importance  la  the  fact  that,  to  the 
user,  the  system  Is  completely  passive.  As  s  result,  when  one  evaluates  the  contribution  of  Navstar  to 
a  given  military  objective,  It  Is  not  enough  to  simply  note  the  accuracy  lmprovsments  over  other 
current  and  proposed  avionics  fits.  Navstar  la  the  only  system  that  ran  provide  acceptable  performance 
in  a  completely  passive  mods.  And  as  one  considers  the  threat,  particularly  in  Central  Europe,  It  la 
apparent  that  an  aircraft  that  can  perform  its  mission  passively  will  have  a  much  higher  survival  rate 
than  one  which  is  radiating  a  broad  spectrum  of  RF  energy. 
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SUMMARY 

The  N.jv*t*r  ulobal  limit  Ion  lug  System  created  when  the  United  State*  Deputy  Secretary  nl  I*efen#e 
T  *.  i  »•(  t  p(i  that  aeparat#  efforts  by  the  U.S.  Navy  and  the  U.S.  Air  Force  to  develop  a  t  e  1  1  1  te- United 
x.n  v  i*«(  i  or  system  he  roeMnH  Into  a  single  program  and  placed  under  the  executive  control  of  the  f'SAF. 
In  '.Q*P.  at  the  Invitation  of  the  United  Staten,  nine  NATO  nation*  joined  the  project  hy  eatabl  lsblrg  a 
NATO  team  nt  the  Navnlat  .Joint  Program  Office.  This  paper  outline*  NATO  involvement  in  the  program, 
highlight*  of  the  unique,  operationally  significant  feature#  of  the  nyatem,  and  describe*  a  few 

repreaentat  1  ve  operational  met, Arina  wfiere  the  benefits  of  N’avatar  would  he  particularly  useful  . 


introduction 


In  the  NATO  Military  (oauslttre  published  a  navigation  requi  reoent  a  document  ( MC  1 39 )  which 
outlined  the  required  characteristics  of  navigation  systems  for  all  cillltary  appl 1  cat  1  on* .  These 
( haractert at  lea  Included  the  requirement  for  world  wide  operation#  In  nny  weather  condition.  At  all 
time#  of  the  day  or  night.  And  protection  to  the  maximum  extent  possible  against  destruction,  jaomlng 
ft  unauthor  1  red  use.  In  addition,  these  systems  were  to  make  use  of  a  common  f  r  arm*  of  reference. 

Although  in  5^h'*  there  was  no  single  candidate  system  on  the  horizon  to  meet  these  requirements, 
the  preccdlrg  charac t er 1 st 1 t a  provide  a  very  accurate  description  of  the  Navstar  Global  Positioning 
Svstem  «s  tar  as  they  go.  Of  course,  Navstar  has  an  even  longer  list  of  attributes.  Including  passive 
operation,  extreme  accuracy,  and  the  capacity  for  an  unlimited  number  ot  users.  The  system  promises  to 
provide  navigation  and  positioning  Information  of  unprecedent ed  accuracy,  and  If  adopted  widely 
throughout  NATO  should  lead  to  improved  force  coordination  and  a  considerable  reduction  In  navlgatlor 
support  costs.  Tills  paper  will  outline  NATO  involvement  In  the  Navstar  project  and  will  then  discuss  a 
few  scenarios  lr  the  NATO  environment  where  Navstat  promises  to  provide  significant  benefits. 

NATi.  INVOLVEMENT 


NATO  involvement  in  the  Navstar  Global  Positioning  System  was  made  possible  by  an  oiler  from  the 
'United  States  to  all  NATO  nations  to  participate  In  the  Full  Scale  Engineering  Development  pfucse  of  the 
program.  This  eArly  Involvement  by  so  many  nations  In  a  major  U.S.  development  program  was  unique.  In 
1978,  nine  nations  agreed  to  participate  In  the  program  ard  a  mult l-nat lonal  Memorandum  of 
Inderst andlrg  was  prepared  and  signed  by  the  National  Armament  Directors.  A  NATO  Navstar  Steering 
Committee  comprising  national  principal  representatives  from  each  of  the  participants  was  established 
to  ensure  effective  Implementation  of  the  MOL'  and  to  manage  the  activities  of  a  NATO  team  at  the  Joint 
Program  Off  ice. 

The  NATO  team  ol  12  officers  was  established  at  the  U.S.  Joint  Program  Office  In  the  iall  of  1978 
under  the  leadership  of  a  NATO  Deputy  Program  Manager.  Members  ol  the  team  were  fully  Integrated  Into 
the  Program  Ollier  In  management,  engineering  and  logistic  support  positions.  The  purpose  of  the  team 
Is  to  contribute  to  the  U.S.  development  program  and  to  establish  a  flow  of  information  back  to  the 
nations  to  assist  the  nations  lr.  reaching  decisions  on  the  eventual  employment  of  Navstar.  This 
Information  llow  Is  government  to  government.  Is  controlled  by  the  NATO  DPM,  and  Is  coord! nated  lr.  each 
country  by  the  national  principal  representative. 

Recently,  It  has  become  apparent  that  NATO  Involvement  beyond  the  formal  Plu*se  II  portion  of  the 
program  Is  essential  11  NATO  natlor#  are  to  be  kept  fully  Informed  on  the  rvolutlor  of  the  system.  As 
a  result  the  Memorandum  ol  Understanding  has  recently  been  revised  to  ensure  NATO  participation  until 
the  1988  time  frame.  This  revised  MOU  Is  expected  to  be  signed  by  the  National  Armament  Directors  In 
October  1983. 

PRECISE  TIME 


Navstar  Is  advertised  and  widely  thought  of  as  a  positioning  system.  However  It  Is  much  mote  than 
that.  To  begin  with,  it  offers  not  only  very  precise  positioning  Information,  but  also  very  precise 
velocity  atid  time.  The  potential  of  Navstar  as  c  time  sourre  Is  often  forgotten  In  discussions  with 
the  various  user  communities.  However,  the  usefulness  of  a  time  source  accurate  to  microseconds  or 
even  nanoseconds  is  becoming  Increasingly  apparent  with  the  proliferation  of  sophisticated  time 
dependent  cosaninlcatlon,  Identification,  reconna 1  seance ,  and  precision  location  systems. 

PASSIVE  OP  FUAT I ON 


Another  aspect  of  Navetar  considered  to  be  of  overwhelming  Importance  is  the  fact  that,  to  the 
user,  the  system  is  completely  passive.  As  s  result,  when  one  evaluates  the  contribution  of  Navstar  to 
a  given  military  objective,  It  is  not  enough  to  simply  note  the  accuracy  Improvements  over  other 
current  and  proposed  avionics  fits.  Navstar  is  the  only  system  that  can  provide  acceptable  performance 
In  a  completely  paaalve  mode.  And  aa  one  considers  the  threat,  particularly  In  Central  Europe,  It  la 
apparent  that  an  aircraft  that  can  perform  Its  mission  passively  will  have  a  much  higher  survival  rate 
than  one  which  la  radiating  a  broad  spectrum  of  RF  energy. 


s 


Ai-thrr  *  1  xt1  '■  :  Ati  t  bemMt  of  Nsvntat  is  t  h«*  ability  to  tie  nil  urptr  into  e  roaon  grid, 
.uMit/tif  to  within  l*'  raters.  Hi#*  importance  of  operating  to  a  rr»«aor,  grid  reference  applies  equally 
!■  f  he  air.  lard  and  n«*«  lories  off  NATO.  In  the  airborne  application  It  would  allow  much  closer 

■  >  *  j  4  t  nt  i nr.  Riii!  greater  rf  f  n  1 1  venes*  among  the  rn  oima  1  »aau«  e  and  attack  clpaentR  of  the  Air  Forres. 

In  *  I*m  ,*  J  r  support  missions  It  would  enable  forward  air  rontriu  IcrR  rn  Identify  target  position*  t  ci 
tla  Mipport  aim  »tt  Much  more  accurately.  In  naval  operation#;  ft  would  provide  the  ronton  grid  for 

a  i  rli'ii.r  ,  aurfai  i  .«nd  sub-surf  Are  units.  It  la  interortlng  to  not**  that  In  early  Phase  I  deployments 

witt  t  h#  I.S.  latillc  Fleet,  Navatar  enabled  the  tipfta  to  maintain  grid  lock  to  a  far  greater  degre#-  of 
Rfcm.ii  v  than  had  orf  been  pi  nsiMf  belorr.  When  «»ne  notea  the  l>en#fltn  of  common  grid  within  the 
ui.jfa  if  one  riuntrv's  nraol  fierce*,  ft  ferotfR  veiy  clear  fuM  how  valuable  thla  charnr  t  er  1  at  1  <  would 
he  when  the  forces  of  several  nation*  are  operating  together. 

AFPMCAT  I*»NS 

M  t  borne.  Ai  tmoM  1»  f>x»  tat  Iona 

Trial  s  conducted  during  Phm.e  1  of  the  program  confirmed  the  capability  of  Navstar  to  make 
possible  extreme i*  accurate  personnel  and  equlpmert  airdrops.  This  should  not  surprise  anyone  -  a 
navigation  system  promising  Accuracies  if  1  *>M  in  3  dimensions  should  allow  for  very  precise  aerial 
d#  If  very.  1h<  *  f  gn!  f  icrt.t  e  of  the  system  lies  Ir  allowing  deliveries  of  this  sccuracy  In  all  weather, 
dsv  or  night,  without  \!*ttal  reference.  Thin  lr-  particularly  relevant  to  clandestine  operations  where 
both  the  alrcratt  and  the  lunper  could  he  equipped  with  Navatar. 

Aerial  Keaupply 

It  can  be  anticipated  that  enemy  Interdict  lor.  of  supply  lines  will  force  a  heavy  dependence  on 
arris*  resupply  Ir  tome  instances.  Much  of  tills  resupply  will  occur  In  close  proximity  to  the  FEHA  and 
therefore  in  a  hostile  environment  for  slow  flying  tactical  transport  aircraft.  Survivability  wruld  be 
great lv  enhanced  11  this  resupply  could  be  conducted  under  cover  ol  darkness  or  adverse  weather. 
Asrumlng  the  lend  forces  are  equipped  with  Navatar  and  In  coantw  feat  Ion  with  the  tactical  airlift,  and 
>• !  v  e  n  the  accuracy  of  Navatar,  ammunition  could  be  dropped  to  the  artillery  units,  FOI,  to  the  fuel  dump 
ard  food  to  the  mesa  tent. 

A*  t mobile  Operations 

In  airmobile  operations,  Navatar  olfera  the  potential  to  land  at  a  prrdesi gnated  landing  zone 
without  pre-poal t ioned  navigation  or  approach  aids.  Moreover,  Navatar  has  the  capability  to  allow 
operat Iona  from  established  facilities  order  conditions  ol  absolute  darkness  and  In  extremely  poor 
visibility.  Trials  conducted  at  Yuma  Proving  Ground  during  Phase  1  testing  using  the  test 
«  or.stel  latlor.  rf  aatellltea  demonstrated  the  unelulneaa  of  Nevstar  in  «  R  el  Nav  mode.  landings  were 
made  with  reference  only  to  the  Navstar-drl vnu  cockpit  display*.  Accuracies  were  in  the  order  of  1-3 
t  r  T  a  . 

Add! t Jinal )yt  Jn  f rials  donr  earlier  in  the  mountain*  surrounding  Yuma,  Navatar  wsa  found  to 
provide  sufficiently  accurate  vertical  Information  to  fly  a  type  of  terrain  following  profile.  These 
trials  used  available  stored  map  data  and  normal  GPS  operation.  The  actual  flight  paths  flow,  agreed 
very  closely  with  the  theoretical  results  of  earlier  simulation  runs.  This  capability  should  enhance 
the  ability  of  tactical  helicopter  pilots  to  fly  operational  missions  at  night  and  In  adverse  weather, 
c.lven  this  sort  of  promising  potential,  future  airmobile  operations  should  be  limited  oniy  by  the 
Imagination  of  the  planning  staffs. 

In t » rdlct loo/Counter  Air  Operations 

loder  thlr  generalized  topic  heading  are  included  reconnaissance,  interdiction  and  offensive 
counter  air  operations.  These  missions  are  all  common  to  the  extent  tbst  they  require  extended  flight 
over  hostile  territory  and  they  generally  require  the  ability  to  find  fixed  targets  at  known 
coordinate*.  In  the  Central  European  environment,  this  implies  both  adverse  weather  conditions  much  of 
the  time,  and  very  sophisticated  enemy  air  defences  including  active  ECM. 

It  Is  Ir  these  mission  areas  that  the  passive  nature  of  Navstar  acquires  such  significance. 
Todays  modern  attack  alrcratt  are  capable  of  attacking  fixed  targets  with  high  accuracy  but  to  do  this 
they  olten  must  radiate  s  significant  amount  of  RF  energy  to  accomplish  the  mission.  In  the  words  of 
one  experienced  fighter  pilot,  the  attack  aircraft  resembles  a  huge  searchlight  on  a  dark  night  as  It 
crosses  Into  enemy  territory.  Terrain  following  radar,  attack  radar,  radar  altimeter  and  drppler  all 
contribute  to  this  energy  transmission  and  all  may  be  required  to  complete  the  mission  successful iy . 
However,  they  make  the  Aircraft  extremely  vulnerable  to  enemy  air  defences. 

kith  Navatar  and  INS  on  the  other  hand,  the  attack  aircraft  has  two  completely  passive  systems 
that  are  almost  perfectly  complementary  in  nature.  Navatar  provides  the  INS  with  frequent,  highly 
accurate  position  updates  thereby  bounding  the  error  buildup,  while  the  INS  provides  Navatar  the 
aircraft  velocity,  attitude,  and  rate-siding  to  enable  the  bandwidth  of  the  receiver  to  be  kept  very 
narrow,  thereby  reducing  the  effects  rf  ECH.  In  close  proxlnlty  to  high  v«lue  targets  whan  Navatar  may 
be  swamped  by  lamming,  the  INS  can  take  over  in  the  short  term  with  very  little  degradation  of 
accuracy . 


r 


7  he  boshing  mult  shown  /it  Figure  I  provide#  a  good  exasplr  a t  the  weapon  delivery  accuracy 
possible  with  Navstar.  These  results  were  obtained  in  a  10,000  foot,  straight  and  level  delivery 
which  although  not  repi r».rrtat i ve  ot  a  typical  NATO  scenario,  provides  good  evidence  of  the  accuracy 
available  t  roe  the  syatea.  Figure  2  shows  results  obtained  in  a  4-g  toss  delivery  and  they  are 
equally  lapresalvc.  Note  again  that  these  results  vero  obtained  with  toaa  boablng  Iron  approx 1  stately 
J~4  Miles  fro*  the  target.  This  too,  greatly  enhances  survivability.  With  CPS,  the  “duMb  iron  bowbs" 
have  been  given  the  approx law te  effect  1 venesa  of  aMarf  weapons. 

For  certain  Interdiction  Missions,  the  targets  are  not  at  fixed,  known  geographic  points  but  are 
•obile.  In  these  situations  too,  Navstar  can  play  an  iMportsnt  role.  With  the  newer  s*art  weapons 
such  as  the  various  cluster  weapons  currently  being  tested,  the  warheads  are  given  soMe  ability  to 
dlacrialnate  aMongst  targets  provided  they  are  laurched  in  the  iHMediate  vicinity  of  the  targets. 
Whereat,  it  is  now  necessary  for  the  pilots  to  place  elect ro-opt leal  weapons  in  visual  contact  with  the 
targets,  Navstar  could  be  used  to  blind  launch  the  au*rt  weapons,  secure  in  the  fact  that  when  the 
weapon  a  break  out  of  cloud  or  fog  they  will  be  within  a  few  Meters  of  the  closest  approach  to  the 
target.  This  would  also  allow  designers  to  use  a  sensor  with  Much  narrower  field  of  view. 


Ai  t  i  Su  bam r  i ni-  Wa r  f  are 

Turning  ni'fc  to  the  topic  o f  anti  nuhMiinr  warfare,  the  simple  ant  1  cnbmari ne  warfare  scenario 
*h*ivn  at  Figure  1  will  hr  used  to  Illustrate  the  potential  benefit  ol  Navatar.  Till  a  Mcenarlo  ah  ova  an 
•iliiralt  tracking  a  stihmatlne  using  data  f  rom  passive  directional  sonobuoys.  Typically,  thla  type  ol 
bue v  provides  bearing  and  deppler  veiorltv  data  tf.  the  alrcralt  target  tracking  algorithm.  Obviously, 
the  ob  *r*  live  la  to  achieve  an  so  urate  track  on  the  target  and  attack.  In  this  rase,  using  a  con¬ 
ventional  homing  torpedo. 

Figure  4  shows  the  same  scenario  but  this  time  Indicates  the  main  components  cl  the  attack  error 
budget.  It  a!a.  highlights  the  vulnerability  of  the  torpedo  during  the  search  phase  prior  to  target 
>julstt  mi  .  The  first  error  component  Is  the  aircraft  navigation  system  error.  For  current  deppler 
»r  Inert  1  a  1  based  systems  thin  error  is  time  dependent,  vsry  with  aircraft  maneuvers  or  sea-states  and 
can  accumulate  verv  tepidly.  The  second,  error  component  consists  of  geometric  Interbuoy  errors  where 
the  huov  relationships  are  not  those  Btored  In  the  aircraft  computer.  The  interbuoy  errors  are 
\ reduced  bv  the  marked  variability  of  aonobuoy  ballistic*  and  the  drill  of  the  buoys  In  the  water, 
fxperlemi  has  shown  that  there  Is  little  correlation  ol  drift  direct  Ion  and  speed  between  sonobuoys. 
These  Inter buoy  errots  can  become  veiy  significant  over  a  typical  tracking  period  of  1C  to  13  minutes. 
These  er  t  <  i  s  are  curientlv  reduced  by  either  flving  to  or»-t<»p  one  sonnhuoy  prior  to  an  attack  or  by 
using  a  snnnbto  v  reference  system.  However,  these  techniques  limit  the  tac  tical  freedom  of  the 
aintaft  and  introduce  other  errors  and  vulnerabilities.  CPS  provides  the  potential  to  minimize  all 
ol  these  errors.  >>h>inusly,  If  the  alrcralt  la  fitted  with  a  CPS  receiver  producing  a  bounded  error 

In  the  order  of  meters  then,  tot  this  scenario,  the  aircraft  navigation  errors  are  effectively 
rer<  .  To  mlnimlre  the  ir.t  r  r-buov  errors  it  Is  necessary  to  fix  the  position  of  each  sonobuoy  and 
update  those  positions  regularly.  The  (.PS  satellite  algnals  provide  the  capability  to  solve  the 
sonoNjov  tracking  pn  Hem  hv  Implementing  CPF  frequency  translators  on  each  buoy. 

Mguir  *»  la  a  simple  schematic  which  Illustrates  the  frequency  translator  principle.  The  t rana- 
iatoi  .  1r.  this  cast  on  the  sonobuc  v ,  receives  the  signals  from  the  visible  GPS  satellites.  The  L  band 
signals  an  translated  to  S  band  and  retransmitted  with  a  pilot  carrier.  The  alrcralt  acquires  er.d 
tracks  tf.*  carrier  and  translates  GPS  signals  and  so  generates  buoy  positions  and  velocities.  The 
buoy  position*  would  b«  used  to  correct  the  lnterhuoy  relationships  and  the  velocity  could  be  ltd  back 
to  the  aonobuoy  processor  to  correct  the  target  doppler  velocity  estimates. 

Returning  to  the  ant i- submar ine  warfare  scenario  seen  at  Figure  6,  this  time*  with  the  errors 
reduced  fv  GPS,  it  is  possible  t<  consider  new  development  a  in  future  ASW  torpedoes.  At  present, 
because  large  Attack  errtis  are  anticipated  It  has  been  necessary  to  develop  weapons  with  the  capacity 
tf>  execute  protracted  searches  for  the  target.  During  this  search  phase  the  torpedo  is  vulnerable  to 
acoustical  countermeasures  and  target  maneuvers.  If,  using  CPS,  It  is  possible  to  minimize  alrcxaft 
and  bu.  v  position  errors  to  tens  of  meters  then,  It  will  b«  practicable  to  feed  the  target  position, 
<>urse  and  speed  to  the  torpedo  at  telease  and  so  achieve  a  direct  attack  with  only  minimal  search  and 
* rcreaaed  probability  <f  successful  acquisition.  In  this  way  the  CPS  would  significantly  Improve  an 
operational  capability. 

I  to  5  band  1 requenry  translators  are  already  in  use  for  missile  tracking  on  the  US  Navy  Trident 
program.  Frequency  translators  will  also  be  built  and  tested  as  part  of  the  DoD  CPS  Range  Appli¬ 
cations  Joint  Frcgram  Office  test  program.  These  current  tranrlators  are  far  too  bulky  and  expensive 
fer  t. or. o buoy  applications.  However,  projecting  the  current  developments  in  electronic  miniaturization 
and  coat  reducing  production  techniques,  it  should  be  feasible  to  produce  low-cost  translators  by  the 
end  of  this  decade  which  would  be  suitable  for  high  volume  applications  such  as  sonobuoys. 

SUMMARY 

If  this  pap* i  lias  given  the  Impression  that  Kavr.tar  will  make  all  other  navigation  systems  and 
all  smart  weapons  obsolete,  the  authors  apologize.  AJ  though  Navatar  is  the  most  significant  achieve¬ 
ment  in  navigation  and  position  finding  in  the  past  several  decades,  it  will  not  do  all  things  for  all 
users.  Although  it  should  render  most  other  radio  navigation  aids  obsolete,  It  cannot  function 
optimally  in  many  applications  without  an  associated  inertial  navigation  system  or  Inertial  measure¬ 
ment  unit.  However,  it  will  probably  be  an  essential  system  for  most  military  missions. 

There  la  an  understandable  concern  among  NATO  military  forces  ol  the  potential  susceptibility  of 
aft Y  radio  navlgstlor  eld  to  the  impressive  EW  capabilities  of  the  Warsaw  Pact  forces.  It  Is  also 
apparent  that  if  one  applies  enough  resources  to  Jamming  •  particular  system,  they  car  achieve  partial 
success,  however,  CPt  fMis  been  carefully  designed  to  cope  with  this  type  of  environment.  The  use  of 
spread  spectrum  formats,  phased  array  antennas,  and  Inertial  coupling  will  largely  overcome  any 
conceivable  level  of  jmmmlrg.  Not  only  can  an  inertial  system  provide  complementary  velocity  in¬ 
formation  as  well  a*  extremely  accurate  heading.  It  can  provide  the  rate  aiding  which  la  essential  to 
enable  GPS  tr  maintain  operation  In  the  face  oi  heavy  Jamming.  Similarly,  many  targets  will  etlll 
require  smart  weapons  to  defeat  them.  Navatar  should  however,  reverse  the  cost  trend  of  these  weapons 
by  eliminating  th*  lequlremert  for  wide  f leld-of-vlev  sensors  end  sophisticated  navigation  ayatemaon 
each  weapon. 

By  increasing  the  force  effectiveness  with  much  higher  first  pass  successes  and  by  enhancing 
aircraft  survivability  through  passive  operation,  Navatar  vtoadaea  to  be  a  fore*  multiplier  of  great 
significance  in  the  NATO  environment. 


I  he  <liuiiNM«»n  which  followed  thi\  pi  rscnt.it  ion  appears  in  cldSMfied  publication  (  |M44  (Supplement) 
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AHfvTHA<’T 

NrWfttar  is  now  in  Phase  II.  thp  full  scalp  eng  i  no#»  r  1  ng  ph^se.  During  this  phase.  a 
‘•'kfet  e  \  i  at  K>n  is  being  maiiit  ainp<1  with  four  to  f  i  v*  space  vpMcIpb  to  support  testing 
A  buildup  *-f  the  const  e  l  1  at  i  on  of  18  spare  vehicles  and  three  active  spares  will  begin 
in  and  will  take  a ppr ox i ma t e ] y  2  years  to  complete.  This  paper  discusses  the 

•  >vera;e  with  the  operational  constellation  and  the  factors  that  determine  a  strategy 
for  the  buildup  It  provides  information  on  the  navigation  capabilities  that  will  be 
available  during  the  transition  from  the  test  to  the  operational  const  el  1  a  t  ion 

The  test  configuration  provides  several  hours  of  navigation  coverage  over  selected 
regions  of  the  earth.  As  the  cons t e 1 l a t i on  is  built  up,  availability  to  users  will 
increase  in  both  duration  and  in  the  areas  of  coverage  on  earth.  About  midway  through 
the  buildup,  complete  worldwide,  two  dimensional  navigation  coverage  will  be  achieved, 
upon  ■•‘•imp  let  mn  of  the  buildup,  virtually  continuous  worldwide,  three  dimensional 
navigation  coverage  will  be  acromp 1 i shed . 

Because  of  interest  by  many  users  around  the  world,  the  sequence  in  which  orbital 
positions  are  tilled  is  very  important.  There  are  no  formal  requirements  for 
performance  during  the  buildup,  but  there  is  strong  interest  in  achieving  the  maximum 
navigation  'overage  at  each  step  of  the  way.  This  paper  addresses  the  performance 
measures,  the  constraints,  and  the  objectives  used  in  determining  the  buildup  strategy 
The  performance  achieved  during  buildup  using  a  candidate  strategy  is  presented. 


INTRODUCTION 

Navstar  is  a  space  based,  all  weather,  continuous  navigation  system  that  provides 
extremely  accurate  position,  velocity,  and  time  information  to  users  anywhere  in  the 
world  The  program  is  managed  by  the  Air  Force  at  Space  Division  as  a  joint  program  of 
all  the  services,  plus  the  Defense  Mapping  Agency,  the  Department  of  Tr anspor t a t  1  on . 
NATO,  and  Australia.  The  Aerospace  Corporation  provides  general  systems  engineering 
and  integration. 

Navstar  is  composed  of  the  control  seqment .  the  space  segment,  and  the  user  segment 
The  control  segment  consists  of  the  monitor  stations,  the  ground  antennas,  and  the 
master  control  station.  The  space  segment  consists  of  the  satellites,  which  broadcast 
the  ranging  signals.  The  user  segment  consists  of  the  user  sets  on  a  variety  of  host 
vehicles  that  receive  the  satellite  ranging  signals  and  perform  a  navigation  solution 

A  test  const e 1 1  at i on  is  in  operation  now  with  four  good  Block  1  satellites,  a  fifth 
will  be  launched  in  June  1981,  and  three  additional  Block  I  satellites  are  available  to 
maintain  the  test  cons t e 1 1  a t i on  until  operational  buildup  commences.  The  test  program 
to  evaluate  Nav6tar  is  being  performed  primarily  at  the  Army  Proving  Grounds  in  Yuma. 
Arizona,  for  which  the  test  cons t e 1 1  a t i on  was  designed.  However,  coverage  is  available 
at  many  other  locations  {Reference  1).  Demonstrations  can  be.  and  have  been,  performed 
at  places  other  t han  Yuma. 

The  operational  orbital  configuration  is  a  constellation  of  10  satellites  uniformly 
spaced  in  six  orbital  planes  inclined  at  SS  degrees.  In  addition,  there  are  three 
active  spares  to  complete  the  cons t e 1 1  at i on .  The  orbits  are  circular  and  have  nearly 
ii  hour  periods  This  conf i gur at i on  will  provide  continuous  three  dimensional  coverage 
except  for  a  few  regions,  which  will  experience  very  short  periods  of  degraded 
performance  each  day  These  regions  will  have  almost  continuous  coverage. 

Transition  to  the  operational  configuration  will  consist  of  launching  the  production 
Block  II  satellites,  so  that  the  combination  of  the  Block  I  and  Block  II  satellites 
results  in  an  interim  operational  cons t e 1 1  a t l on  with  a  mixture  of  orbit  inclinations. 
This  will  result  in  slight  differences  in  coverage  from  the  operational  configuration. 
Block  1  satellites  could  be  replaced  before  they  fail,  so  that  the  constellation 
consists  only  of  Block  II  satellites  which  is  the  operational  configuration.  The 
current  plan  is  for  Block  II  satellites  to  be  launched  beginning  late  in  1986  at  a 
rate  of  eight  per  year,  until  the  constellation,  with  spares,  is  developed. 

During  the  buildup,  system  performance  will  have  to  be  superior  to  satisfy  user  needs 
and  to  maximize  worldwide  coverage.  As  requirements  become  important,  they  will  be 
factored  into  the  buildup  strategy,  and  the  candidate  strategy  presented  in  this  paper 
may  have  to  be  changed.  To  meet  the  requirements,  the  test  configuration  will  be 
maintained  until  it  would  be  beneficial  to  rephase  in  order  to  improve  worldwide  avail 
ability.  since  the  Space  Shuttle  has  been  designated  as  the  launch  platform,  launch 
opportunities  will  be  constrained  by  requirements  to  share  launches  with  other 
payloads.  This  can  determine  the  buildup  sequence  or  at  least  strongly  influence  some 
of  the  choices.  The  launch  windows  of  the  other  Shuttle  payloads  could  restrict  the 
choice  of  orbital  planes  tor  the  Navstar  satellites.  Howevsr.  analysis  has  shown  that 


t  h*»  launch  windows  ran  b«»  opened  by  making  us#  of  Shuttle  orbital  regression  and  any 
reserve  capacity  of  the  orbit  transfer  propulsion  system  Therefore,  these  effects  ran 
be  reduced,  and  the  unconstrained  buildup  described  in  this  paper  can  probably  be 
realised  Also,  dedicated  Spare  Shuttle  flights  are  being  considered  so  that  the 
constraints  due  to  sharing  would  be  eliminated.  However,  delays  in  reaching  some 
stages  of  the  bu i 1 du  p  wou 1 d  or cu r  si  nr e  i t  wou 1 d  be  ner e  s s  a  r  y  to  wa if  unril  all  the 
satellites  scheduled  for  each  launch  are  ready 


OPERATIONAL  constellation 

The  operational  cons t e 1 1  a t i on  is  a  six  plane,  uniform  18  satellite  con f i gur a t  i on  plus 
thre*>  active  spares.  The  reason  for  the  active  on  orbit  spares  is  discussed  in  a  later 
section.  The  planes  are  60  degrees  apart,  in  longitude,  and  in  each  plane  there  are 
three  satellites  spaced  120  degrees  apart.  The  phasing  from  plane  to  plane  is  40 
degrees  so  that  a  satellite  in  one  plane  will  have  a  satellite  40  degrees  ahead  (North) 
of  it  in  the  ad  lacent  plane  to  the  Kast .  The  reference  orbit  values  are  given  in 
Table  i.  Figure  i  illustrates  the  cons t e 1 1  a t i on  orbit  planes  with  the  spares.  The 
three  spares  are  required  to  guarantee  a  high  probability  of  having  18  or  more 
satellites  at  all  times,  with  a  suitable  replacement  production  and  launch  rate  after 
establishment  of  the  cons t e l l a t i on .  In  the  buildup  studies,  the  spares  are  added  after 
18  satellites  are  in  orbit  (since  they  do  not  contribute  as  much  to  coverage  a&  the 
ot her  satellites). 


Table  i.  Operational  Orbit  Description  Longitude  Relative  to  Earth 
and  Astronomical  Coordinates 


NUMBER 

ORBIT 

PLANE 

LONGITUDE 

Of  THE  ASCENDING 

NODE,  deq 

RIGHI  ASCENSION 

OF  THE  ASCENDING 

NODE,  deq' 

i 

1 

0,  180 

30 

? 

1 

240,  60 

30 

3 

I 

300.  1  TO 

30 

a 

2 

260.  80 

90 

5 

2 

320.  140 

90 

6 

2 

20.  200 

90 

7 

3 

340.  160 

150 

8 

3 

40.  220 

130 

Y 

3 

100,  280 

150 

in 

4 

60.  240 

210 

n 

4 

120,  300 

210 

ip 

4 

180.  0 

210 

13 

3 

140,  320 

270 

14 

3 

200.  20 

270 

13 

3 

80,  260 

270 

16 

6 

220.  40 

330 

17 

6 

280,  100 

330 

18 

6 

160,  340 

330 

SPARES 

10 

i 

193.  13 

30 

TO 

3 

213.  33 

270 

_ !! _ 

3 

_  _ 

23.  205 

130 

Referenced  to  astronomical  coordinates  of  1950,0  as  of  1  July  1985.  0  hr  Omin  GMT 
and  regressing  at  -0.  MOOR  deg  day. 


CONSTELLATION  VALUE 

Position  dilution  of  precision  (PDOP)  was  used  as  a  measure  of  three  dimensional 
position  error.  In  the  case  of  independent,  identically  distributed  ranging  error,  the 
root  mean  squared  three  dimensional  position  error  is  equal  to  the  rms  ranginq  error 
multiplied  by  PDOP  (see  Reference  2.  pp  102  103).  For  worldwide  coverage, 
cons t e 1 1  at  ion  value  is  used  as  a  measure.  Constellation  value  iB  the  fraction  of 
users,  worldwide,  averaged  over  time,  who  have  a  PDOP  less  than  or  equal  to  six  (i.e. 
PDOP  ■  6).  Availability  of  the  const e 1 lat ion  for  navigation  at  specific  locations 
(e.g.,  Yuma)  was  also  based  on  PDOP  *  6 .  PDOP  *  6  is  the  threshold  used  in  the  system 
specifi  cation  (Reference  1).  For  a  specified  7.0  meter  ranging  error  (1  sigma),  the 
threshold  of  6.0  for  PDOP  corresponds  to  a  three  dimensional  position  error  of  42 
meters  rms.  The  const# 1 lat ion  value  is  computed  by  sampling  points  uniformly 
distributed  on  the  earth  over  a  24  hour  period.  On  that  basis,  if  the  PDOP  values  for 
all  points  are  below  6.0.  the  system  value  is  1.0.  For  the  six  plane.  10  satellite 


17 

21 

•  NOMINAL  CONSTELLATION  SATELLITES 
O  ACTIVE  SPARES 

(t>)  Simplified  Repr  esent  a  t  i  on  of  Planes 
Figure  l  The  6  Plane.  10  Satellite  Constellation  with  )  Spares 


CONSTELLATION  VALUE  (POOP 
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SPAR  I  N'l  ANI*  RKPI.A<KMFNT 

The  r.  ri:  t  spares  are  ne'essa  r  y  t«'  maintain  hd  18  tat  f!  1  H  cons  f  e  !  J  4 1  j  on  wi  1  h  high 
;  r  lability  A  spacing  and  r  e  p  1  .»r  eme  n  t  strategy  o  4  1  t  1  rig  for  mo  r  e  than  1  H  a  4 1  e !  J  j  r  e  t»  on 
ft  it  is  r**gu;  red  r  .  r  *  h  1  ?.  r  •  be  achieved  f’ijrri»nt  font  r  act  or  information  1  nd  1  c  4 1  es 

•  ?, .-» *  r  h»*  i  1 !  **t  sir**  >f  4  s  j' 4  r  e  s  4 1  e  1  1  1 1  e  is  n  f »  t  a  ppr  ec 1  a  b 1 y  1  *»ng  t  hened  by  ma  )  n  *  4  1  n  i  ng  1  * 

:  *  o.rrrar-T  .  .  -  r  s  miti  j  <1  ■  •  r  iri4  n  t  )  sui  p  » 'onseguent  1  y  ,  spares  on  or  bit  have  been  assumed 

ivt-  ?  r  •.}  .si  ;  i\'j  4  ri-t  replacement  studies.  The  studies  have  indicated  that  s  hr**** 
ft:'  jares.  "ri*'  in  »*vpry  other  plane.  -so*  r.uf  f  inpm  to  gua  r  4  n  t  ee  good 
v  mn.jp  w  >  *  *  •  t: ; g  h  4  va  :  lability 

Ava  .  ;  »:...*>•  has  been  -1  •*  f  i  as  the  probability  of  maintaining  a  c,»ns  t  *■  1  i  a  r  1  on  with  1  8 
:  m  r  ^  4  •  e ,  ;  :  t  •*  •.  ;,Uf  itt  i-m',  ly  measured  4  k  an  a  vp  r  age  • .  vp  r  a  1  ong  period  a  f  t  e  r 

T  he  a  :i  a  .  y  s  l  f  to  determine  4  va  1  1  4  t>  l  !  l  t  y  1 s  4  Mont  p  <'4  r  I  o  t  prhriifju**.  and  1  ♦  is 

based  *  be  sj-a-***  v*»fii  Me  r  e  I  1  4  b  1  1  1  t  y  .  t  h»»  launch  reliability,  launch  delay,  and 
.  a  j:  d'.jc’i-r,  ».  •*  h«»d  u  I  er>  .  The  required  level  of  a  va  l  1  a  t>  l  1  1  f  y  is  n  .  '1 H  The 

-•  t.t’p  ;y  ;  r  .1  Tiipvi  t;‘i  t  t.e  required  a  va  1  1  a  b ;  1  1 t  y  '-(jm;  1  Kt  s  of  »*  1  t  fi  *»  r  calling  for  a 

w :  *  •,:..Jgh  lead  rime  »  **  allow  for  launch  delays  when  an  on  >  r  b  l  *  failure  is 

•  1  r.  .  r  iaun*b;nj  >n  failure,  when  a  ground  spare  is;  available. 

1  he  .1  ,\  a  .  y  •  •.  fen  ns  t  r  a  t  e<l  »  hat  4  production  rate  of  four  satellites  per  year  can 

the  •  r  =  r  e  1  .  4  *  1  at  a  <>  '-<8  4  va  1  1  a  b  1  1  1  t  y  of  in  or  more  satellites;.  The 

ivt'Njf  •,  safer  ■:  operating  satellites  on  orbit  is  to  /l  When  there  is  a  spare  in 

•  rha’  ••  k  \  •*  r  »  **  nc  e  s  a  satellite  failure,  the  spare  is  re  phased  to  replace  the 

;  1  .  .  ed  The  range  of  •  >ns »  e  i  1 4 1  i  on  values  that  may  be  encountered  is 

*  '  a  *  e  .  n  Y\  *ufe  .  There  it  is  assumed  that  if  a  failure  occur-.,  in  a  plane  w  1  M: 

1  spate,  ♦  he  pare  is  re  phased  t  replace  the  failed  satellite.  :  'oris  eg  uent  1  y .  the 
w  r  •  failures  shown  in  Figure  l  are  not  rue’PsBar  1  ly  the  worst  state;;  that  can  be 

•*rc  ur.’ered  hven  wtier.  a  failure  occurs  in  a  non  spared  plane  it  is  possible  to 

■  e  \  h  a :  »•  :  m*  r  »*  spare*  arid  reduce  The  effect  of  the  failure  However,  this 

.  •  ft  ’  e  j  y  wa;  rr  t  used  ;r.  generating  Figure  J  .  The  avera'^e  const  el  lat  ion  values  are 

■  ;  '■.**!  •  ’!**  best  value*,.  t>e*-ause  of  the  efficiency  of  t  he  replacement  strategy 


NUMBER  OF  OPERATING  SATFLIIITS 


h  1  g  u  r  e  P 


Range  of  constellation  Values  (ft  Planes,  18  Satellites  Plus  t  Spares) 
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Figure  4.  Sample  PDOP  Profile  at  Locations  That  Experience 
Outages  for  the  Operational  Constellation 


TEST  CONSTELLATION 

The  concept  validation  phase  (Phase  I)  of  the  program  (1974  79)  carried  a  three  plane. 
74  satellite  constellation  as  the  planned  operational  constellation.  There  were  eight 
satellites  per  plane:  the  planes  were  120  degrees  apart  in  longitude  inclined  at  SS 
degrees:  and  the  satellites  were  uniformly  spaced  at  46  degrees  apart  in  each  plane, 
with  a  plane  to  plane  phasing  of  30  degrees. 

The  Phase  I  constellation  of  from  lour  to  six  satellites  was  designed  to  replicate  to 
the  greatest  degree  possible  a  portion  of  the  then  future  24-satellite  conf  igurat ion . 
The  constraints  imposed  by  the  Atlas  launch  vehicle  required  that  the  Block  I  test 
satellites  be  placed  in  orbits  with  an  Inclination  angle  of  63  degrees,  whereas  the 
operational  Block  II  satellites  that  will  be  launched  from  the  Shuttle  will  be  placed 
in  orbits  inclined  at  SS  degrees.  Following  Phase  1.  the  operational  constellation  was 
reduced  to  an  18  satellite  configuration  because  of  program  restructuring.  This  at 
first  lead  to  selection  of  a  three  plane,  non  uniform  constellation  (Reference  4)  and 
eventually  to  the  six  plane,  uniform  18-satellite  constel lat ion  (Reference  S).  but  the 
test  constellation  was  not  altered  from  the  original  concept. 

The  current  constellation  consists  of  four  good  satellites.  Navstats  3,  4.  S.  and  6. 
Navstar  8  is  scheduled  to  be  launched  in  June  1983.  It  will  replace  Navstar  1.  which  is 
not  being  used  for  navigation  because  it  is  operating  only  with  a  quartz  crystal  clock 
and  is  not  providing  good  accuracy.  The  orbital  parameters  existing  after  the  launch 
of  Navstar  8  are  shown  in  Table  2.  The  test  conf igurat ion  position  numbers,  which  do 
not  correspond  to  the  Navstar  numbers  (nor  to  the  poeitton  numbers  of  the  operational 
configuration  in  Figure  1),  are  shown.  Position  4  will  remain  vacant  because  retention 
of  only  five  satellites  for  testing  is  planned.  After  the  launch  of  Navstar  8.  there 
will  be  three  more  Block  I  satellites  (Navstars  9,  10.  and  11)  availabls  as  spares  to 
maintain  the  f i ve- satel 1 i t e  constellation.  It  is  currently  projected  that  Navstar  9 
should  be  launched  in  October  1983  and  the  last  two  satellites  launched  in  mid  1984  and 
mid  1986  to  maintain  the  test  configuration.  The  five  satellite  constel 1  at  ion  is  the 
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starting  point  (or  ths  buildup  to  the  int«ri»  operational  constellation  startin']  in 
1'tHs  However,  based  on  reliability  analysis,  it  is  presently  anticipated  that  there 
may  be  as  few  as  (our  satellites  or  as  many  as  six  when  the  operational  buildup 
begins  The  study  assumes  that  the  (  i  ve  Block  1  satellites  will  continue  to  operate 
until  buildup  is  completed,  resulting  in  the  mixed  orbital  inclinations  of  the 
interim  operational  cons r e 1 1  a t i on , 


Table  2.  Navstar  Orbital  parameters  lor  Test  Phase  Constellation 
at  first  Ascending  Node  Referred  to  1  duly  1980 
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BUILDUP  REQU I REMKNTI3  AND  CONSTRAINTS 

The  initial  buildup  was  selected  to  build  on  the  test  configuration  (or  the  Yuma 
Proving  Grounds,  the  best  worldwide  coverage  can  be  obtained  by  maintaining  the  cluster 
of  satellites  (or  testing,  since  early  rephasing  would  cause  undue  separation  between 
the  satellites.  This  would  lead  to  low  visibility;  that  is,  there  would  be  less  chance 
at  seeing  three  or  four  satellites  simultaneously,  which  is  the  necessary  condition  for 
two  dimensional  and  three  dimensional  solutions,  respectively.  l.ow  visibility  would 
result  in  reduced  Yuma  coverage  and  poor  worldwide  coverage.  Conseguent ly .  rephasing 
of  the  test  cluster  must  be  delayed  until  enough  satellites  are  in  orbit  so  that  when 
the  cluster  is  broken  up  both  the  worldwide  coverage  and  the  Yuma  coverage  are  still 
good  . 

figure  s  shows  the  test  configuration  and  the  operational  configuration  relative  to 
each  other.  The  positions  are  shown  at  the  instant  that  position  number  1  of  the 
operational  constellation  crosses  the  equatorial  plane.  All  other  positions  are  shown 
relative  to  that  or  jin.  Also  illustrated  is  the  proposed  rephasing  of  the  test 
satel  l i tes . 


CANDIDATE  BUILDUP  SEQUENCE 

Maximizing  Yuma  and  worldwide  coverage  are  compatible  goals  during  the  early  phase  of 
the  buildup,  but  when  10  or  11  satellites  are  in  orbit  the  two  criteria  are  at  odds. 

To  determine  the  best  sequence  of  satellite  additions,  the  coverage  time  at  Yuma  and 
the  worldwide  coveraqe  were  determined  for  each  candidate  addition  to  the 
constellation.  This  was  done  startlnq  with  the  addition  of  the  sixth  satellite  and 
continuing  through  12  satellites  in  orbit.  Mhen  there  were  eight  or  more  satellites  in 
orbit,  the  performance  of  the  constellation  was  evaluated  for  both  the  existing 
arrangement  of  the  test  configuration  satellites  and  the  arrangement  that  would  result 
if  these  satellites  were  rephesed  to  place  them  in  the  interim  operational 
constellation  positions.  Eleven  different  buildup  sequences  were  considered  in  the 
final  screening.  Each  of  these  was  obtained  by  carefully  considering  the  applicable 
criteria  tor  each  satellite  addition  and  in  determining  the  proper  point  to  rephase. 

The  rephased  and  non  rephased  worldwide  constellation  values  for  the  selected  buildup 
sequence  are  shown  in  Table  1.  The  navigation  coverage  at  Yuma  (or  rephased  and 
non  rephased  arrangements  is  shown  in  Table  4;  available  time  shown  considers  only 
Intervals  of  continuous  coverage  of  one  or  more  hours.  For  the  selected  buildup 
sequence,  the  rephasing  should  be  done  after  the  tenth  satellite  is  added.  The 
constellation  value  is  better  for  the  rephased  constellation  for  10  or  more  satellites. 


and  i  h  e  Yuma  Availability  drops  only  slightly  with  the  rephasing  (see  Tables  1  and  4). 
The  remainder  of  the  buildup  is  driven  by  the  worldwide  a  va  i  1  a  b  i  1  i  t  y  .  The  buildup  is 
' " n t  i nued  to  1H  satellites;  then  the  spares  are  added  to  complete  the  constellation. 
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Cj  'V  NOMINAi  TEST  PHASE  SATli  |  lit  AND  TEST  POSITION  NUMBER 


(j  •  DENOTES  PROPOSED  SAUItUE  MOVE  WHEN  REPHASINL  TEST  CONE ICURATION 
All  BIOCK  I  SATElllTES  ARE  AT  63  INCLINATION 
All  BIOCK  II  SATElllTES  ARE  AT  55  INCl  INATION 


Kigure  S.  Operational  Configuration  with  Test  Phase  Locations  Superimposed 


Table  1.  Buildup  in  Worldwide  Constellation  Value 
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Constellation  it  phased  at  10  satellites  these  cases  would  not  be  used. 

'4)  Test  position,  but  at  55-deg  inclination.  (May  be  at  63  dag  depending  on  Initial  test 
configuration;  results  in  slight  change  In  constellation  value  but  no  change  In 
buildup  saquenct.l 


Tab  Ip  4. 


The  Buildup  in  Navigation  roverage  at 
Yuma ,  Arizona 
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The  buildup  time  of  coverage  at  Yuma  is  paralleled  at  other  locations  around  the 
world  Table  s  shows  daily  navigation  coverage  in  hours  of  coverage  at  42  cities  for 
*>.  fl.  10.  12.  lb.  and  18  satellites,  and  18  satellites  plus  three  spares.  Only  blocks 
of  coverage  that  have  PDOP  less  than  or  equal  to  b  continuously  for  one  hour  or  more 
are  count  ed . 

Although  the  actual  buildup  sequence  will  probably  differ  somewhat  from  that  shown 
here,  the  fact  that  there  were  a  number  of  comparable  buildup  sequences  indicates  that, 
unless  the  constraints  are  really  stringent,  comparable  performance  should  be 
achievable.  The  main  factor  that  seems  to  differ  is  the  quality  of  the  coverage: 
i.e..  are  large  blocks  of  continuous  coverage  available  or  are  there  many  smaller 
blocks  of  time?  Generally,  one  would  prefer  large  blocks  of  time.  The  selected 
sequence  exhibits  this  property  and  generally  had  longer  duration  blocks  of  continuous 
coverage  over  24  hours  at  more  places  of  Interest.  Some  competing  buildups  had  almost 
as  long  a  total  period  of  coverage  over  a  24  hour  period.  However,  the  coverage 
included  many  small  blocks  of  time  at  intermediate  stages  of  the  buildup. 


CONCLUSION 

Kxcept  for  very  brief  periods  of  degraded  performance,  occurring  once  or  twice  per  day 
at  a  tew  locations  in  the  world,  excellent  continuous  navigation  performance  is 
available  worldwide  with  the  operational  Navstar  configuration.  In  those  regions  where 
some  degradation  can  occur  some  form  of  aiding  can  circumvent  the  outage. 

This  paper  describes  a  candidate  buildup  sequence  for  establishing  the  constellation. 
The  coveraqe  aval  labl 1 1 ty .  both  at  the  Yuma  Proving  Grounds  and  worldwide,  was  the 
primary  criterion  for  selecting  the  order.  It  was  shown  that  large  blocks  of  time  are 
available  at  all  locations  using  the  selected  sequence.  Other  candidates  exist  but 
were  not  as  qood:  some  of  the  sequences  came  close  to  the  selected  candidate,  but  the 
coverage  was  of  lesser  quality.  There  were  shorter  periods  of  total  coverage  over  a 
24 ■ hour  period  at  points  of  interest,  or  the  coverage  was  made  up  of  smaller  blocks  of 
time,  or  both. 

Analysis  will  continue  toward  the  selection  of  a  preferred  sequence  for  buildup.  New 
user  requirements  will  be  Included,  and  shuttle  constraints  are  being  examined.  Pinal 
selection  of  a  buildup  sequence  will  also  depend  on  the  actual  state  of  the 
constellation  during  the  buildup.  In  any  case,  the  launch  schedule  indicates  that 
two-dimensional  coverage  should  be  available  by  the  latter  part  of  19(7.  when  12  or  II 
satellites  are  on  orbit.  Pull  three  dimensional  coverage,  barring  failures,  should  be 
available  by  the  latter  part  of  ltss. 
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ABSTRACT 

I  In*  briefing  covers  <  IPS  user  cc|uipiiient  w  itli  cn tphasis  on  system  strengths  am)  weaknesses  whiell  affect  tactical 
applications  ot  til’S  A  short  description  ot  (IPS  operation  is  followed  hy  a  discussion  of  signal  outages,  selective 
availability .  lamming  scenarios  and  vulnerabilities.  Presented  next  are  discussions  on  previous  test  results,  expected 
future  testing  and  demonstrated  capabilities  such  as  passive  rendezvous,  precision  runway  approach  and  blind  bombing. 

Integration  and  aircraft  installation  programs  are  also  addressed  along  with  rationale  for  TAT  (.PS  aircraft  priorities, 
concepts  ot  operations  tor  search  and  rescue,  special  operations,  reconnaissance  and  master  navigation  plan  impacts. 


Ihc  disc  tission  which  tollowed  ihis  presentation  appeals  in  classified  publication  (  I’t44  (Supplement) 
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ABSTRACT 

i  h«»  OMSP  is  a  total  satellite  system  conpovtd  of  spacecraft  with  meteorolog  W  a  1  »*ruor\.  an 
earth  based  (offlaano  and  ( oM  ro 1  network ,  f Wad  and  mobile  user  stations.  and  a  conmunlc at  ton  network 
linking  the  various  segments  together 


INTRQDUtT 1QN 

The  mission  of  OMSP  It  to  provide  global  meteoro ) ogl c a )  data  to  Trl  Service  Commander *  In  support  of 
worldwide  military  operations,  both  strategic  and  tactical,  and  to  advance  spaceborne  meteorological 
sensing  technology  to  meet  changing  Department  of  Oefense  requirements.  The  Space  Segment  consist*  of 
satellites  in  630  kilometer  sun  synchronous  polar  orbits  each  carrying  a  payload  of  various 
meteorological  sensors  The  Satellite  Operations  Center  Is  located  at  Offutt  AFB.  Nebraska,  with  earth 
terminals  located  at  lorlng  AFB.  Maine.  Fairchild  AFB.  Washington,  and  the  AF  Remote  Tracking  Station. 
Hawaii  Real  time  cloud  Imagery  data  is  transmitted  directly  from  the  spacecraft  to  Air  Force.  Navy, 
and  Marine  Corps  ground  tactical  terminals  and  Navy  carriers  located  throughout  the  world  Stored  or 
playback  meteorological  data  is  transmitted  to  centralized  processing  facilities  at  the  Air  Force  Global 
weather  Central  ( AF  gmc )  at  Offutt  AFB.  Nebraska,  and  the  Navy's  Fleet  Numerical  Oceanography  Center 
(FNOC)  in  Monterey.  California  At  these  centralized  facilities,  global  cloud  cover  and  other 
meteorological  sensor  data  can  be  merged  with  more  conventional  data  and  distributed  to  provide  weather 
support  throughout  the  Department  of  Defense.  In  support  of  the  cotmaend  and  control,  telemetry  and 
meteorological  data,  the  system  uses  domestic  c ommunlcat ion  satellites  and  land  lines  to  Interconnect 
the  various  segments  in  a  cohesive  and  responsive  manner. 

SPACE.  S LAMENT 

The  spacecraft  consists  of  a  three-ails  stabilized  vehicle  with  an  on-orbit  weight  of  7?$  kilograms 
and  3  $  meters  in  length  exclusive  of  solar  panels.  It  has  a  pointing  accuracy  of  0  01°  and  a  30-month 
mean  mission  duration 

Senior 

The  Operational  Unescan  System  (OlS)  Is  the  primary  meteorological  sensor.  The  01$  Is  a  complete 
self  contained  data  collection  system  consisting  of  an  oscillating  scanning  radiometer  and  a  data 
processing  and  storage  subsystem  which  provide  meteorological  Imagery  data  (cloud  cover)  on  a  global 
basis  The  system  collects  day  and  night  earth  scene  image  data  which  is  then  transmitted  in  real  time 
and/or  stored  over  multi  orbits. 

Earth  scene  data  is  sensed  by  the  01$  in  two  compleaientary  spectral  bands:  visible  light  and 
thermal  infrared  In  each  channel  the  scene  resolution  across  scan  Is  made  nearly  constant  by  using  a 
variable  instantaneous  field  of  view  In  conjunction  with  a  sinusoidally  varying  scan  motion.  For  global 
coverage  the  nominal  Smoothed  mode*  resolution  Is  ?.7g  km  In  each  channel  and  for  selected  regional 
coverage  with  higher  resolution  a  nominal  0.54  km  *flne  mode*  is  provided  in  each  channel. 

The  visible  channel  senses  scene  radiance  in  the  0.4  to  1 . 1  micrometer  spectral  band  for  scene 
1 1 lumlnat ions  ranging  from  sub  solar  to  sub- lunar  at  quarter  moon,  a  range  of  over  ten  million  to  one. 
The  infrared  channel  senses  scene  radiance  in  the  10  to  13  micrometer  spectral  band  corresponding  to  a 
scene  temperature  range  from  lf0°6  to  310°6.  The  output  data  Is  made  linear  with  temperature  over 
the  dynamic  range. 

The  visible  channel  detectors  are  three-segment  silicon  phot oc undue tlve  PIN  diodes  for  daytime 
scenes  and  a  cesiated  gallium  arsenide  opaque  photocathode  for  nighttime  scenes.  The  Infrared  detector 
is  a  two- segment  Merc ury- Cadmium- Tellur ide  photoconduct Ive  detector  cooled  to  a  temperature  near  106°6 
and  maintained  within  i0.1°K  of  the  chosen  set  point.  The  imagery  data  across  the  scan  path  Is 
collected  in  the  form  of  discrete  picture  elements  (plaelt)  and  converted  Into  one  of  either  44  or  254 
grey  shades . 

The  program  and  data  storage  are  provided  by  the  OlS  memory  consisting  of  36  of  R<M  and  136  of  CMOS 
RAM.  In  addition,  there  Is  146  of  core  RAM  memory .  Processed  meteorological  data  Is  stored  on  four 
magnetic  tape  recorders,  each  having  a  storage  capacity  of  1.47  1  10*  bits. 

In  addition  to  the  OlS,  the  spacecraft  has  other  meteorological  sensors,  some  or  which  may  employ 
advanced  spaceborne  meteorological  sensing  technology.  These  Include  atmespherlc  sensors  such  as  a 
mult ispectral  Infrared  radiometer  or  a  microwave  temperature  sounder  and  various  space  environmental 
sensors  such  as  electron  and  Ion  temperature  and  density  tensors,  an  6- ray  detector,  and  a  precipitating 
electron  spar troemter . 


CofliwjnHftt von*  Tcifmftrx 

►  or  wtror  o  1 1  gU  *  l  d*t4  tr«n\mttslon  th*  spacecraft  c  wwmnU  at  t  on\  subsystem  incorporates  three 
independent  s  band  links  using  pcm/psk  transmission  at  I  0?4  Mbps  real  time  and  ?  b6*bp\  playback  data 
cates  The  transmitters  are  f»  watt  solid  state  units  used  in  conjunction  with  crossed  dipole  directive 
antennas  mounted  on  the  earth  facing  side  of  the  spacecraft  In  addition,  there  are  redundant  S  band 
telemetry  links  for  spacecraft  status,  one  using  a  high  gain  directive  antenna  while  the  other  Is 
omnSdirec t lonal  with  two  half  turn,  halt  wave  helical  antennas  This  telemetry  link  uses  PCM/PSK/PM 
modu l a  1 1  on 

The  uplink  command  system  operates  at  a  ?K  rate  and  has  tertiary  MfSK/AM  modulation  The  receive 
l  band  antennas  are  similar  to  the  telemetry  omn Id  1 rec 1 1 ona 1  units 

The  telemetry  unit  is  a  solid  state  CMOS  system  under  microprocessor  control  using  4k  of  PROM  and  ?K 
of  RAM  with  three  commendable  data  rates  of  ?.  10  or  SO  kbps.  It  also  has  numerous  commendable 
submodes,  l  e  .  ability  to  obtain  OlS.  spacecraft  and  telemetry  memory  dumps,  to  sample  analog  channels 
using  hlg-  »r  sampling  rates,  and  to  rearrange  analog  and  discrete  channel  assignments 

and  CshU.gi 

The  command  and  control  subsystem  Is  the  focal  point  for  all  spacecraft  functions  and  operations 
It  includes  a  Control  Interface  unit  which  Is  an  Input/output  device  through  which  all  data  and 
instructions  flow  The  subsystem  also  includes  computers  and  memories  which  control  all  spacecraft 
functions,  a  stable  spacecraft  clock,  and  processing  to  decode  and  distribute  all  commands  Two  central 
prottsslng  units  are  used,  each  having  78K  read/wrlte  memories.  The  s ubs ys t em  mul 1 1  pi exes  Its  own 
internal  telemetry  data  stream,  composed  of  attitude  and  control  parameters  for  insertion  Into  the 
telemetry  data  format 

the  software  elements  of  the  command  and  control  subsystem  process  convaand  messages  and  data  loads, 
maintain  the  status  of  the  hardware,  and  generate  control  signals  to  all  elements  of  the  spacecraft, 
both  hardware  and  software  The  Ascent  Guidance  Software  provides  the  navigation,  upper  stage  thruster 
control,  velocity  trim  and  final  orientation  maneuvers  during  ascent  through  orbital  Insertion  The 
Orbit  Mode  Software  provides  attitude  determination  and  control  after  achieving  orbit 

MtUwtft  Qtttr.miiiitign  tntf  tfinUiL! 

Ihe  accurate  (0  O'  degree)  three  axis  attitude  determlnat ton  and  control  subsystem  provides  precise 
pointing  of  the  sensor  payload  Three  on  board  orthogonal  gyroscopes  measure  short  term  changes  In 
altitude,  a  star  sensor  measures  long  term  drift  An  on  board  processor  stores  ephemerts  data  and 
computes  the  spacecraft  attitude  To  enhance  pointing  accuracy,  extensive  star  catalogs  and  ephemerts 
tables  are  periodically  transmitted  to  the  spacecraft  from  the  ground  Attitude  control  Is  provided  by 
three  reaction  wheels  In  an  active  closed  loop  c onf tgurat 1  on  (with  a  fourth  for  back  up),  magnetic  colls 
for  unloading  excess  momentum,  and  GW?  thrusters  for  transient  momentum  disturbances  In  the  event  of 
failure  of  the  Inertial  Measurement  Unit  or  Celestial  Ser.sor  Assembly,  a  lower  accuracy  (0  1  degree) 
three  axis  attitude  det erml na t l on  and  control  Is  available.  It  l'  provided  by  the  tarth  Sensor  Assembly 
and  the  Sun  Sensor  Assembly 

Other  SubUUAMi 

ih»  other  subsystems  contHt  of  a  power  system  which  Includes  photovoltaic  solar  calls,  two 
nlskel  cadmium  secondary  batteries  and  power  conditioning  electronics,  a  single  ails  control  system  to 
allow  the  solar  array  to  track  the  sun,  and  both  passive  and  active  thermal  control  systems 


ihe  OMSP  spacecraft  has  an  eitanslve  worldwide  system  avtlleble  to  provide  support  for  meeting  the 
mission  objectives  In  addition  to  the  thrae  aarth  terminals  and  domestic  communication  sattlllt* 
network  mentioned  eerller.  It  has  the  added  rtsources  of  tha  Air  force  Satellite  Control  facility’s 
worldwide  Remote  tracking  Stations  and  the  eatenslva  000  communication  satalllte  natwork  to  provide 
telemetry  and  command  backup.  All  of  these  resources  are  presently  linked  via  terrestrial  or  satalllte 
links 


Ihe  Satellite  Operations  Center  ( SOC )  at  Omaha  Is  tha  primary  coaaoand  and  control  site  and  contains 
tha  personnel  and  systems  necessary  to  conduct  all  mission  planning,  spacecraft  commanding,  telemetry 
Ingest  and  post  pass  analysis 

Mission  planning  encompasses  all  tasks  associated  with  data  generation  and  scheduling  for  the  ground 
system  end  setelllte  operetlng  activities.  It  tyntheslies  the  user's  dete  needs,  engineering  requests 
for  ipeclel  setelllte  tests,  end  processes  setelllte  ttetus  Informetlon  to  creete  the  operetlonel  date 
files  necessery  to  control  the  Oft  SO  setelllte  system.  These  requirements  end  operetlonel  constreints 
ere  then  incorpereted  into  the  esitoouted  Mission  Plenntng  pete  Seneretlon  end  Verlflcetlon  System 
(PLANS) 

the  Stored  Telemetry  Processing  System  (STP3)  provides  dete  enelysts  with  the  ament  to  conduct 
post  pets,  long  term  teteemtry  enelytlt  of  spececreft  enomeilet.  The  system  operetet  either 
Interectlvely  or  In  the  betch  mowe.  Tor  roel  time  telemetry,  the  SOC  utlllies  tpecleUy  built 
decoeputetors  to  sopereto  out  tpococreft  teloemtry  dete  Tor  computer  processing.  Peel  time  processing 
provides  conversion  to  engineering  unltt  end  Identlf Icetlon  of  out  of  limit  pereamters,  all  displayed  on 
color  grephlc  terming*!.  Once  the  setelllte  contest  period  Is  over,  the  stored  teteemtry  end  the 
reel  1  lam  telemetry  ere  merged  Into  tho  revolution  by  revolution  teloemtry  dete  bete,  end  ere  then 
eccetttble  for  post  pest  computer  analyses 


I 
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At  ««< h  of  t h*  thr»e  earth  terminals.  the  meteorologU a  1  and  telemetry  data  ar#  multiplexed  together 
with  Ota  status  data  and  a  digital  vole*  channel  into  a  tingle  3.0??  Mbps  data  stream  The  3.07?  Mbps 
data  s  t  r  fan  frn«  tha  Hawaii  tracking  Station  doas  not  contain  digital  voka  Tha  channals  from  tha  thraa 
sitas  ara  up11nk#d  to  tha  westar  satalllta.  laasad  from  Western  Union  by  tha  American  Satalllta 
Corporation,  and  ralayad  to  terminals  locatad  at  AFGWC.  Nebraska,  and  FMOC  at  California  Both  sitas 
raraiva  all  tha  data  rontainad  on  all  thraa  channals  Tha  command  channal  from  tha  Omaha  Satalllta 
Opar at  ions  Center  to  tha  two  Command  Readout  Stations  (CRS's)  Is  a  slngla  tlma  division  multiplexed 
< i DM )  <hannal  that  contains  a  composlta  of  command,  control  and  digital  volca  at  ?30  4  kbps  Tha 
c ommartd  data  straam  Is  convartad  from  a  serial  to  tarnary  form  at  aach  CHS  and  upllnkad  to  tha 
spac  ac  ra f t 

Tha  primary  links  to  tha  CRS's  ara  backad  up  by  tarrastrlal  land  Unas  that  ara  rapabla  of  handling 
tha  sama  typas  of  command  and  talamatry  data  as  Wastar  but  at  a  lower  data  rata  Tha  tarrastrlal  llnas 
do  not  provida  mission  data  to  AfGWC  In  addition,  thara  ara  c ommand /ta lamat r y  back  up  links  to/from 
tha  Air  forca  Satalllta  Control  Facility,  tha  spacacraft  factory  and  vandtnbarg  AF B  for  launch  and  tast 
suppor  t 

Comm*n<j  Readout  Kitlttps 

Tha  Command  Raadout  Stations,  locatad  at  lorlng  AFB.  Malna  and  Fairchild  AFB.  Washington,  consist 
of  aarth  tarmlnals  for  accasslng  and  racalvlng  data  from  tha  spacacraft  Tha  an tanna  systam  has  a 
1 ?  matar  raflaclor  with  a  G/T  of  ?0  75  dB/°R  and  usas  psaudo  monopulsa  autotracking 

In  addition  to  procasslng  and  transmitting  commands  in  raal  tlma.  tha  tarmlnals  h«va  a  local 
commanding  capability  by  maans  of  command  data  shlppad  In  advance  from  tha  SOC  PLANS  computer  Tha 
aitent  of  this  stand  alona  oparatlon  Is  dapandant  upon  tha  quantity  of  command  data  rasldant  at  th# 
local  s  1 1  a 

tha  downlink  function  receives ,  storas  and  forwards  all  Incoming  S  band  signals  to  tha  two 
cantrali/ad  user  sagmants 

UitiStSiRUlIS 
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Tha  Air  Fore#  Global  Weather  Central  (AFGWC)  is  tha  largest  military  mataorologlca 1  canter  In  the 
world  and  provides  worldwide  mat aor o 1 og 1 c a  1  and  space  environmental  support  to  not  only  the  Air  force 
but  to  tha  Army  and  a  variety  of  Oafensa  Department  agencies  as  well.  In  addition.  AFGWC  backs  up  the 
National  weather  Services  National  Meteorological  Center  and  the  National  Severe  Storms  forecast  Center 

Meteorologists  at  AFGWC  use  a  combination  of  conventional  data  (rawlnsonde.  radar,  aircraft,  and 
ship  observations)  and  satellite  data  (DMSP.  GOCS.  and  NOAA)  for  both  their  meteorological  and  space 
erwl r onmenta l  customers.  Conventional  data  Is  transmitted  Into  GWC  over  the  Automated  Weather  Network 
(AWN)  from  military  bases  within  the  CONUS  and  from  overseas  Global  Weather  Central  also  acquires 
additional  weather  data  from  civilian  sources  such  as  the  FAA.  the  National  Meteorological  Center,  and 
commercial  airlines 

All  these  data  sources  feed  Into  GWC  which,  operating  under  a  build  and  apply  philosophy,  devotes 
much  of  its  resources  to  building  a  variety  of  data  bases.  The  remaining  resources  go  toward 
meteorological  applications  of  these  various  data  bases  Among  the  many  thousands  of  products  created 
and  transmitted  from  GWC  dally  are  MAC  computer  flight  plans,  other  computer  flight  plans,  terminal 
forecasts,  facsimile  charts,  some  100  to  150  point  weather  warnings,  and  as  many  as  150  requests  for 
special  forecast  assistance 

DMSP  satellite  data  is  used  In  a  variety  of  ways  at  GWC  to  support  both  meteorological  and  space 
environment  customers.  Global  cloud  imagery,  visual  and  infrared.  Is  made  available  to  the  forecaster 
in  several  different  ways  He  may  receive  a  positive  transparency  for  use  on  a  light  table  or  a  hardcopy 
print  on  which  he  can  conduct  an  analysis.  The  imagery  Is  also  processed  directly  Into  the  Satellite 
Global  Data  Base  (SG06)  with  each  new  batch  of  stored  data  into  GWC,  this  data  base  is  updated  The 
meteorologl st s  then  use  the  SG06  to  reconstruct  computer  generated  images  of  any  area  of  the  globe  or 
merge  this  data  with  conventional  data  to  produce  the  world's  only  three-dimensional  cloud  analysis 
model  with  additional  Input  from  numerical  forecast  models,  a  short  term  cloud  forecast  can  be 
generated 

The  tropical  meteorologist  at  AfwC  has  found  DMSP  cloud  Imagery  to  be  particularly  useful.  in  areas 
of  the  world  where  there  are  virtually  no  conventional  observat Ions .  typhoon  location  and  tracking  have 
been  traditional 1y  accomplished  by  aircraft  reconnal stance .  However,  as  this  rttource  has  decreased. 
0M5P  has  becoma  increasingly  more  Important  to  both  naval  and  fixed  base  forces. 

DMSP  data  has  also  been  found  very  useful  In  the  construction  of  hemispheric  weather  depiction 
charts  Thes#  charts  show  areas  of  cloudiness,  cloud  type,  icing,  and  turbulence.  Wind  direction 
vectors  can  also  ba  extracted  from  OMSP  pictures  and  used  for  upper-air  analyses  performed  at  GWC.  The 
severe  weather  forecaster  also  uses  cloud  imagery  to  locate  areas  of  potantlal  instability  and  to  assist 
in  tha  preparation  of  point  weather  warnings. 

In  addition  to  cloud  imagery,  tha  forecastar  has  additional  OMSP  data  aval  labia  from  a  variety  of 
Infrared  end  microwave  sounders  and  Imagers.  Among  the  types  of  Information  these  sensors  provide  are 
vertical  temperature  profiles.  By  sensing  infrared  and  microwave  radiation  transmitted  by  the  earth  and 
by  atmospheric  gases.  (CO?.  0? ) ,  the  meteorologist  can  reconstruct  temperature  profiles.  This  type 
of  information  has  long  been  used  as  the  basis  for  atmospheric  analysis  and  forecasting.  Prior  to  the 
advent  of  satellite  remote  sensing,  temperature  profiles  were  obtained  solely  from  Instrumented 
balloons,  with  sevarely  limited  coverage.  With  OMSP  we  now  have  worldwide  coverage  switch  fills  In  the 
data  void  roglons.  By  Improving  our  Initial  analysts  wo  also  iMprovo  our  numorlval  forecasts.  These 
forecasts  predict  large-scale  weather  systems  that  ultimately  affect  the  local  weather .  They  also 
predict  the  winds  that  are  required  for  computer  flight  plans,  wind  trajectory  models,  and  othar  wind 
and  density  forecasts. 
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The  Navy  f  leet  NuMrUil  Oceanography  Center  ( f  NOC )  .  Monterey.  California,  receive*  the  Identical 
m’vslon  data  as  Global  Weather  Central  via  AMSA1  relay  The  weather  data  can  then  be  transmitted  via 
terrestrial  links  to  secondary  facilities  at  Pearl  Harbor.  Guam.  Norfolk  and  Spain  for  detailed 
processing  for  Total  weather  reports  The  ONSP  satellite  data  Is  also  used  In  a  variety  of  ways  at 
f NIK  ,  both  alone  and  merged  with  more  conventional  data  to  provide  meteorological  support  to  Navy  ships 
a  mf  <  .1 1  t  Titles  worldwide 

MQbllf  t?rniin«1) 

1 h«  M.t'k  iv  is  the  latest  generation,  mobile,  receive  only,  ground  terminal  to  provide  real  time 
DM\P  visual  and  Infrared  cloud  Imagery  data  to  theater  decision  makers  It  Is  a  compact  unit  tonslstlng 
of  a  3  meter  parabolic  antenna,  b  meter  van,  and  an  auxiliary  power  generator,  designed  to  be 
t  r  ,tn  ,  i>.  t  t  <-<j  aboard  C  130  or  C  141  aircraft  It  has  automated  acquisition  and  tracking  and  a  low  noise 
front  end  with  a  G/ t  of  11  3  db/°K  The  Na r k  Iv  has  the  capability  to  track  and  process  data  from 
both  tin  i>MM'  and  NOAA  weather  satellites  Hard  copy  data  can  then  be  provided  to  at  least  four  remote 
locations  over  cable  and  telephone  <  U( u'ts  Mark  IV's  are  Intended  to  be  co  located  with  theater 
<i>mmanders  and  are  planned  for  deployment  to  furope,  Alaska,  Pacific,  far  last.  Central  America,  United 
kingdom,  and  CONUS 

The  l  0?4  Mbps  serial,  real  time  data  is  demodulated  and  formatted  for  processing  while  being 
simultaneously  recorded  along  with  time  code  Information  on  an  analog  tape  recorder  The  formatting 
consists  of  a  serial  data  s yoc hr  on  1 /at  1  on  process,  a  serial  to  parallel  data  conversion,  and  a 
dec  o?T*nut  at  1  on  process  The  dec  ommul  at  i  on  process  extracts  the  visual  or  Infrared  Imagery  data  and  the 

otin'r  .« u  *  i  1 1  a  r  y  data  The  imagery  data  Is  the  primary  data  input  for  display  generation,  with  the 

auxiliary  data  being  used  for  appropriate  Image  correction  The  visual  or  Infrared  Images  can  be 
enlarged,  enhanced,  labeled  and  grldded  within  30  seconds  of  a  satellite  pass 

In  the  real  time  mode,  the  Imagery  data  is  formatted,  corrected  for  earth  curvature  and  wow/flutter 
effects,  enhanced  and  overlayed.  and  sent  to  hard  and  soft  copy  displays  The  hard  copy  Is  a 
lis- f  Manned,  dry  processed  film  transparency  suitable  for  light  table  viewing  and  photographic 
reproduc t ion,  while  the  soft  copy  is  a  CRT  monitor  display 

The  <jpablllty  to  search  through  the  entire  pass  at  norma  1  magn 1 f 1 c at  1  on  using  the  soft  copy  display 
Is  accomplished  by  commands  entered  via  the  operator's  console  keyboard  The  normal  magnification  scene 
is  3000  km  square  at  a  111  million  scale  for  times  two  and  four  magnification,  the  displayed  scene 
will  be  1^00  and  7S0  km  square  respectively.  from  each  spacecraft  pass,  an  area  up  to  0000  km  long  and 
?000  km  wide  can  be  covered  By  1988.  there  will  be  up  to  ?>  of  these  terminals  operational  worldwide 

I-ti.filn.4h 

The  Navy  has  shipboard  receiving  terminals  on  the  John  F.  Kennedy.  Interprise.  Independence.  Midway, 
and  Kitty  Hawk  In  the  future,  they  will  be  Installed  on  nine  additional  ships,  such  as  the  Nlmlt/. 
Coral  Sea.  Constellation,  etc.  Their  operation  Is  very  similar  to  that  of  the  previously  discussed 
mob l 1 e  terml na 1  * 


f U1UHL  PI  AMS 

The  future  of  0MSP  does  not  foresee  Immediate,  dramatic  technological  changes  but.  rather,  a 
deliberate  enhancement  of  the  various  subsystems,  technology  permitting.  Primarily,  these  Include 
increasing  system  lifetime  by  obtaining  parts  with  improved  reliability,  that  are  less  susceptible  to 
radiation  effects  eno  have  Increased  yields.  trror  detection  and  correction  will  also  be  Incorporated 
Into  future  spacecraft  computer  systems 

future  efforts  will  Include  the  study  of  satellite  autonomous  operation,  up  to  six  months  with 
little  or  no  support  from  the  ground  operations  centers.  This  could  Involve  significant  changes  to  the 
overall  spacecraft,  including  power  and  redundancy  management,  data  handling  and  software  systems  to 
achieve  the  stated  goals 

Other  future  c on* iderat ions  include  moving  out  of  the  crowded  S  band  Rf  frequency  to  the  higher  IMF 
band  While  not  technology  limited,  such  a  change  would  have  severe  Impact  on  the  numerous  fixed  and 
mobile  ground  terminals  and  posts  a  challenge  to  be  able  to  transition  with  minimum  operational  effect. 

a*  in  the-  past,  advanced  #tate  of  the  art  special  sensors  will  continue  to  be  flown  to  provide 
additional  meteorological  information  and  further  the  sensing  technology. 
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military  APPLICATIONS  Of  METEOROLOGICAL  SATELLITE  (METSAT)  DATA 


Norman  F.  Rauscher,  Colonel,  USAF 
Vice  Commander 

Headquarters  Air  Weather  Service 
Scott  Air  force  Base,  Illinois  6???S 


SUMMARY 

This  paper  addresses  tnc  military  applications  of  MtTSAT  data  and.  In  particular.  Air  weather 
Service's  ( AWS 1  processing  and  use  of  data  from  the  US  Department  of  Defense  MtTSAT,  the  polar-orbiting 
Defense  Meteorological  Satellite  Program  (DMSP).  The  primary  mission  of  AWS  is  to  support  US  Air  Force 
and  us  Army  operations.  In  modern  warfare,  the  presence  or  ab%ence  of  clouds  directly  Impacts  the 
ability  to  successfully  and  economical ly  perform  the  military  missions,  and  with  the  recent  development 
of  extremely  expensive  c loud- sens) 1 1 ve  weapon  systems,  the  accuracy  of  cloud  Information  assianes  an  even 
greater  role.  AWS  processes  and  uses  all  available  data  to  satisfy  mission  requirements.  Peacetime 
cloud  data  sources  include  the  DMSP.  NOAA  polar  orbiting  and  geostationary  satellites,  worldwide  surface 
and  upper  air  weather  data,  and  foreign  geostationary  METSATs.  In  wartime,  the  Defense  Meteorological 
Satellite  Program  may  be  the  only  consistent  source  of  meteorological  data.  DMSP  provides  data  to  AWS 
in  two  modes- -di rect  readout  and  recorded.  Direct  readout  data  are  received  through  transportable 
terminals  on  land  and  sea  and  provide  direct  cloud  Imagery  support  to  Army  and  Air  Force  field 
corona  riders  and  Navy  operations  afloat.  Recorded  DMSP  data  received  at  the  Air  Force  Global  Weather 
Central  (AfGWC)  and  the  Fleet  Nunerical  Oceanography  Center  (FNOC)  are  processed  and  used  to  support 
worldwide  operations  such  as  joint  military  exercises,  aerial  refueling  missions  and  many  more. 


In  this  presentation,  I  will  provide  some  views  on  the  military  applications  of  Meteorological 
Satellite  IMnsAT)  data.  In  particular,  I  will  cover  Air  weather  Service’s  (AWS)  use  of  the  United 
States  Department  of  Defense  ( 000 )  METSAT,  the  pol ar-orbl tl ng  Defense  Meteorological  Satellite  Program 
(DMSP).  1  will  focus  on  the  METSAT  use  at  the  Air  Force  Global  Weather  Central  (AFGWC).  the  AWS 
centra  1 1 yed  facility,  at  Offutt  AFB ,  Nebraska  and  by  AWS  units  deployed  around  the  world.  In  addition, 
I’ll  point  out  some  examples  of  the  military  mission  payoffs  DMSP  has  provided,  and  some  Insight  Into 
future  DMSP  enhancements . 

The  primary  mission  of  AWS  Is  to  support  US  Air  Force  and  US  Army  operations.  Important  keys  to 
successful  operations  Include  target  detection,  identification,  tracking,  and  destruction.  The  presence 
or  absence  of  clouds  directly  impacts  the  ability  to  successfully  and  effectively  perform  these 
missions,  and  with  the  recent  development  of  extremely  expensive  cloud-sensitive  weapons  systems  (such 
as  TV,  infrared,  and  laser-guided  bombs  and  missiles),  the  accuracy  of  cloud  information  assumes  an  even 
greater  role. 

AWS  processes  and  uses  all  available  data  to  satisfy  mission  requirements.  Peacetime  cloud-data 
sources  include  the  DMSP,  NOAA  polar  orbiting  and  geostationary  satellites,  worldwide  surface  and  upper 
air  data,  and  foreign  geostationary  METSATs,  such  as  METEOSAT.  The  mission  of  the  DMSP  is  to  provide 
global  environmental  data  to  support  worldwide  US  DOD  operations.  The  sensor  complement  and  the  polar 
oruits  are  therefore  tailored  to  US  OOD  needs.  The  ASOnm  orbit  provides  contiguous  global  coverage  and 
the  resolution  necessary  to  allow  detailed  analysis  of  data. 

Since  the  beginning  of  the  Defense  Meteorological  Satellite  Program,  a  primary  objective  has  been  to 
put  data  in  the  hands  of  decisionmakers  as  soon  as  possible.  Therefore,  DMSP  was  configured  to  provide 
data  in  two  ways:  data  recorded  and  stored  onboard  the  satellite  for  later  relay  when  passing  over  a 
command  readout  site  and  data  readout  directly  to  a  transportable  van  as  the  satellite  passes  within 
range  of  the  van. 

Data  recorded  aboard  the  satellite  Is  eventually  downlinked  to  readout  sites  at  loring  AFB ,  Maine; 
Fairchild  AFB,  Washington  and  If  necessary,  Kaena  Pt,  Hawaii.  The  data  Is  then  passed  to  the  Air  Force 

Global  weather  Central  at  Offutt  AFB,  Nebraska,  using  a  coimaunlcatlons  satellite.  In  recent  years  the 

system  has  also  Included  a  coimaunlcettons  satellite  relay  to  the  US  Navy's  Fleet  Nteserica!  Oceanography 
Center  in  Monterey,  California.  Although  the  concept  of  the  physical  routing  of  the  recorded  data  has 
not  changed  significantly  during  the  life  of  the  DMSP  system,  the  types  of  recorded  data  have  Increased 

significantly.  The  first  mission  sensor  other  than  the  cloud  imager  was  a  gaamia  radiation  detector 

flown  in  1971.  The  DMSP  mission  expanded  In  November  197?  with  the  launch  of  a  satellite  with  a 
tropospheric  temperature  sounder  and  a  precipitating  electron  spectrometer.  The  first  operational 
Itnescan  system,  or  OtS,  a  vastly  Improved  system  for  cloud  sensing,  was  flown  in  September  of  1976. 

Data  can  also  be  directly  read-out  by  transportable  vans  deployed  anyvWiere  on  the  globe.  In  1971, 
vans  were  also  placed  on  US  Navy  aircraft  carriers.  The  newest  model  of  the  transportable  van  Is  the 
Mark  IV.  rm  of  these  Is  located  at  an  AWS  deta'Naent  at  Croughton  RAFB  In  England.  Data  received  at 
this  site  are  further  relayed  to  other  AWS  detachments  in  England  through  a  tactical  imagery 
dissemination  system.  An  older  van  Is  located  at  Bann,  west  Germany.  The  data  received  at  Bann  Is 
relayed  to  AWS  detecnments  throughout  Europe  also  through  an  imagery  dissemination  system. 

Recorded  data  are  used  by  the  Air  Force  Globa)  Weather  Centra)  to  support  worlfelde  operations  such 
as  the  rapid  deployment  of  combined  or  Joint  task  forces,  hurrlcane/typhoon  positioning,  and  aerial 
refueling.  Direct  readout  data  are  used  by  meteorologists  In  forward  areas  to  support  field  commanders 


conducting  operations.  Requirements  for  forecasts  of  icing,  turbulence,  severe  weather,  fields  of  small 
cell  cumulus  and  snow/cloud  discrimination  demand  immediate  manual  application  of  high-quality  0.}  and 
1.5  nm  resolution  visual  and  infrared  Imagery  data. 

The  recorded  data  received  at  AFGWC  have  many  uses.  These  data  are  displayed  on  "hard  copy" 
transparencies  for  use  by  forecasters  at  AfGWC.  After  the  data  are  no  longer  operational ly  useful,  the 
transparent les  are  archived  at  the  University  of  Colorado  for  public  use.  Real-time  data  also  flows 
into  a  completely  automated  processing  system.  The  telemetry  data  are  split  off  tor  satellite  command 
and  control  as  well  as  technical  monitoring  purposes.  Atmospheric  and  space  env i ronmenta 1  data  are 
separated  and  processed  by  sensor- unique  software,  unique  space  environmental  data  are  provided  by  the 
precipitating  electron  spectrometer,  the  plasma  monitor,  anil  the  visual  cloud  sensor.  The  visual  data 
an.)  the  electron  spectrometer  locate  the  auroral  oval -- important  to  forecasts  for  high  frequency  radio 
c ivnmunica 1 1 ons  in  polar  regions  and  the  high  latitude  early  warning  and  tracking  radar  network  in  North 
America  and  Luropr.  The  plasma  monitor  provides  electron  densl ties- -essential  to  space  system  ephemeris 
calculations  and  anomaly  investigations  as  well  as  Ionospheric  propagation  for  the  space  detection  and 
tracking  system.  In  addition,  visual  and  infrared  imagery  are  mapped  into  a  satellite  global  digital 
data  base,  at  inm  resolution.  This  data  base  is  constantly  updated  by  continuous  on-line  processing  of 
the  imagery  and  is  available  in  visual  and  infrared  display  for  worldwide  analysis  and  forecasting 
applications:  ill  nigh  quality  displays  are  sent  by  digital  facsimile  to  l)S  Air  force  coetnand  and 
control  centers,  the  data  are  also  relayed  to  a  wide  spectrin  of  other  JS  government  agencies,  (?) 
Displays  are  also  used  as  large  overlays  for  forecast  applications  at  our  weather  central;  and,  13)  A 
third  application  is  somewhat  unique  to  AWS.  the  Air  force  Global  Weather  Central  is  a  pioneer  in  usinq 
computers  to  blend  satellite  data  with  other  meteorological  data  to  huild  automated  cloud  analyses 
which,  in  turn,  are  used  to  Initialise  automated  cloud  forecasts  to  develop  worldwide  mission  tailored 
products. 

The  automated  cloud  analysis  model  Integrates  the  visual  and  infrared  Imagery,  and  remotely  sensed 
temperature  soundings,  along  with  conventional  observations ,  to  create  a  ?5 rim  resolution,  three 
dimensional  cloud  analysis.  Oata  are  analyzed  iimnedtately  upon  receipt,  while  the  normal  global 
analysis  is  accomplished  every  three  hours.  The  process  is  totally  automated  with  the  exception  that 
analysis  in  high  priority  areas  can  be  manually  modified  if  so  needed.  The  cloud  analysis  Initializes 
tne  automated  cloud  forecast  model.  It  is  processed  every  three  hours  and  forecasts  cloud  cover  and 
precipitation  out  to  4»  hours  in  the  northern  hemisphere  and  24  hours  in  the  southern  hemisphere. 

In  sumaary,  recorded  data  are  used  today  at  the  Af  Global  Weather  Central  in  a  complex  system 
relying  on  a  considerable  amount  of  computer  hardware  and  software.  Yet,  the  system  is  extremely 
reliable.  Over  95  percent  of  the  OMSP  data  are  routinely  processed  through  the  system  and  are  used  in 
the  analysis  and  forecast  models.  Oata  from  the  polar  orbiting  US  NOAA  satellites  can  also  be  processed 
in  this  manner.  AWS  units  throughout  the  world  receive  analysis  and  forecast  products  from  the  weather 
central  to  support  US  Air  force.  Army,  and  other  US  000  requi rements . 

'he  UMSP  direct  readout  data  capability  satisfies  US  DOO  requirements  for  worldwide,  responsive, 
secure,  high  resolution  HI T SAT  information.  The  system  Is  complete  and  self-sufficient,  and  the 
transportable  vans  have  thelrown  power  supply  and  data  processing  capability.  In  this  mode.  DHSP 
provides  timely  visual  and  infrared  Imagery  directly  to  transportabl e  vans  collocated  with  fteld 
commanders  responsible  for  field  operations.  General  Itomyer,  USAF  Comnander  in  Vietnam,  relating  his 
experience  with  the  OMSP  system  said.  "As  far  as  1  am  concerned,  this  (DHSP)  weather  picture  is  probably 
the  greatest  innovation  of  the  war."  while  discussing  the  scheduling  and  launching  of  strike  missions 
against  North  Vietnam,  in  his  book  he  went  on  to  say  that,  "Without  them  (meaning  the  DHSP 
pnotosl . . .many  missions  would  not  have  been  launched." 

Global  war  is  not  necessary  to  affect  the  free  exchange  of  meteorological  data  among  nations. 
Increased  local  or  regional  tensions  between  two  or  more  nations  can  stop  the  flow  of  routine 
conventional  weather  data.  During  the  Vom  Kippur  War,  all  nations  In  the  area  of  conflict  stopped 
transmission  of  standard  meteorological  data  over  civil  convxuntcattons  circuits,  despite  International 
agreements  to  the  contrary,  because  weather  data  could  possibly  aid  opposition  coonanders  in  making 
military  decisions,  Early  in  the  US  resupply  effort  of  Israel,  Lodi  Airport  at  Tel  Aviv  was  closed  due 
to  dense  fog  and  low  stratus  and  our  resupply  flow  was  disrupted.  METSAT  imagery  enabled  AWS 
forecasters  to  determine  the  weather  pattern  was  frontal  in  nature  and  thus  were  able  to  accurately 
predict  clearing,  worth  Vietnam  also  denied  their  data  during  the  Vietnam  conflict.  Ouring  a  European 
war ,  our  opponents  will  almost  certainly  stop  transmuting  weather  data.  In  addition,  NATO  countries 
may  stop  transmitting  weather  data  because  of  its  usefulness  to  Warsaw  Pact  Countries.  Thus,  the 
encrypted  UMSP  data  available  at  transportable  vans  in  Europe  may  be  the  primary  source  of  weather  data 
for  our  European  forces. 

Tne  United  States  Readiness  Contend'!  mission  requires  short  notice  deployment  of  a  Joint  task  force 
to  virtually  any  area  of  the  world.  High  quality  resolution  satellite  data,  responsive  to  the  deployed 
military  commander,  are  often  the  sole  source  of  weather  data  in  a  contingency  area  where  data  are 
either  sparse  o>-  denied.  In  support  of  US  commitments  to  NATO,  the  US  regularly  deploys  tactical 
fighter  squadro is  from  US  Oases  to  allied  airfields  in  Europe.  Decisions  to  launch,  delay,  or  change 
refueling  areas,  not  only  for  the  fighter  aircraft,  but  also  for  the  supporting  tanker  aircraft  needed 
for  refueling,  «re  often  based  on  the  high  quality  resolution  data  available  from  the  OMSP.  The  recent 
Reforger  Exercise  In  Europe  and  the  August  1963  Bright  Star  Exercise  in  Egypt  gave  AWS  meteorologists 
many  chances  to  exercise  their  training  in  the  use  of  METSAT  data  to  support  deployment  of  forces. 

A  UMSP  ta.tical  van,  as  well  as  recorded  data  received  at  the  AF  Globa)  Weather  Central,  provides 
coverage  necessary  for  the  Air  Force  weather  satellite  support  to  the  Joint  Typhoon  Warning  Center 
IJTWC)  located  on  Guam  In  the  Pacific.  JTWC  provides  tropical  cyclone  positions  and  warnings  for  most 


v-  ♦  t  i'diif  it  and  Indian  pceans,  from  the  i  nternat tonal  da  to- lino  to  tho  east  (.oast  of  Africa.  Since 
;  *  ,  more  than  half  of  the  I J  Ml  's  warnings  in  tho  western  Pacific  worn  based  on  satellite  position*  of 

trop^.al  i  vi  lonrs.  In  tho  Indian  Ocean,  where  reconna t ssancp  aircraft  and  land-based  radar  arc  rarely 
available,  over  ')•:  percent,  of  the  llwf’s  warnings  were  based  on  satellite  fixes  from  recorded  data 
analyzed  at  the  Ai  .lobal  weather  Central.  Tropical  cyclone  warnings  required  by  military  commander s 
tnroo  jh,.  it  the  I'anln  and  Indian  n<  eans .  are  also  made  available  to  civil  and  international  agencies. 

’ho  examples  I’ve  just  dismissed  highlight  tho  extensive  use  of  !)MSP  by  Air  weather  Service.  To 
■  net  growing  operational  Support  regui  rements ,  we  have  programmed  additional  capabilities  for  the  . 
Among  many  i nprvveinpn t s  envisioned,  the  space  pnviroi  sent  mission  will  be  strengthened  with  the  addition 
*♦  both  a  topside  10 no  sonde  and  a  refined  plasma  density  monitor  for  detailed  profiles  of  electron 
density.  The  nuro«*dvr  water  vapor  profiles  will  allow  us  to  determine  aerial  coverage  and  rates  of 
pret  i  pi  tat  ion  over  the  globe.  we  envision  these  data  will  provide  an  improved  cloud  analysis  capability 
and  improved  t raf f u abi 1 i t y  forecasts  for  »  ownanders  .  finally,  increased  system  surv i vabl 1 i ty  and 
reliability  will  increase  the  'MM'  availability  and  utility. 

Improvements  in  the  direct  readout  capabilities  are  also  envisioned.  In  the  future,  multiple  sensor 
lata,  such  as  TK**owave  water  vapor  profiles  and  atmospheric  sounder  data,  are  planned  to  be  included  in 
the  1 » rt'c  t  rea-tout  node  along  with  a  data  processing  capability.  These  data  will  increase  the 
.  a.abiiit,  cf  the  military  meteorologist  to  provide  critical  support  when  conventional  weather  data  are 
net  available.  '  omman.lers  will  then  nave  the  env i ronmenta I  data  to  consider  immediate  changes  to 
m  a  m  m  /!•  *  hp  potential  of  th  r  command  and  control  systems. 

The-  .  Ms>  ,  a  System  responsive  to  mi  1  i  tary  regu  1  rements ,  has  grown  considerably  during  tne  past 
decade.  ’he  close  interaction  among  the  weatherman  at  the  tactical  readout  terminal  directly  supporting 
the  f’e-d  commander,  the  Air  force  global  weather  Central  building  and  applying  its  worldwide  data  base, 
an-;  dedicated  command  and  control  of  the  on-orbit  l)MSP  satellites  have  provided  a  finely  tuned  system 
apable  of  respond i ng  to  national  security  requirements.  In  short,  r)MSP  and  other  sources  of 
meteoro 1 og u a  1  satellite  dat«i  have  proven  to  be  vital  to  AWS's  support  to  national  defense  and  will 
lontmjf  tn  evolve  to  meet  the  changing  needs  of  dot i si onmakers . 
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.  5 .  weather  satellites  operated  by  the  National  Oceanic  and  Atmospheric  Administration,  (1)  collect 
and  distribute  qualitative  and  quantitative  data,  and  (?)  provide  communications  and  relay  functions  for 
environmental  and  search  and  rescue  data.  Qualitative  data  consists  of  visible  and  infrared  (1R)  images 
of  cloud  and  weather  features.  Quantitative  data  comprises  111  measurements  of  the  vertical  temperature 
structure  of  the  atmosphere  (soundings).  (2)  sea  surface  temperatures,  (3)  cloud  motion  winds,  and  (A) 
solar  envi ronmental  data,  f.oimtunlcatf ons  functions  Include  the  broadcast  of  data  stored  during  orbit  to 
special  read-out  stations,  and  the  global,  real-time  broadcast  of  data  to  read-out  stations,  worldwide. 
Relay  functions  of  weather  satellites  Include,  collection  of  environmental  data  broadcast  from  buoys, 
ships,  aircraft,  and  from  remote  sites,  for  relay  to  central  site  for  processing  and  distribution,  and 
global  collection  and  relay  of  emergency  signals  from  aircraft  and  ships  in  distress. 

this  paper  provides  an  overview  of  the  presently  operating  U.S.  civil  weather  satellites,  their 
space  and  ground  systems  and  their  data  distribution  systems.  Examples  of  the  data  products  available 
from  the  satellites  are  provided  with  emphasis  on  their  potential  application  to  the  support  of  tactical 
operations.  The  products  from  the  civil  weather  satellites  include  mul ti -spectral  imagery  on  several 
time  and  space  scales  and  quantitative  products  that  are  of  use  in  providing  weather  support  to  tactical 
planners. 

The  present  DoO-Civil  weather  satellite  cooperative  arrangements  are  reviewed  with  a  discussion  of 
the  "Shared  Processing"  arrangements  currently  being  implemented.  A  brief  overview  of  international 
weather  satellite  coordination  is  also  provided.  The  paper  concludes  with  an  outlook  of  future  trends 
in  the  development  of  future  civil  weather  satellite  systems. 

The  National  Environmental  Satellite,  Data,  and  Information  Service,  NOAA's  operating  branch  for  all 
environmental  satellites,  operates  two  types  of  weather  satellites:  polar-orbiting  and  geostationary! . 
Polar-orbiting  weather  satellites  provide  global  data.  Two  are  now  In  orbit,  with  the  following 
characteri  sties: 

Orbit  Type:  Near  polar,  sun-synchronous 

Altitude  (Circular):  854  km  (530  mi.)  morning  satellite 

833  km  (518  mi.)  afternoon  satellite 

Orbit  Period:  102  minutes 

Orbit  Times  (Equator  Crossing!:  7:30  a.m.  local,  morning  satellite 

2:00  p.m.  local,  afternoon  satellite 

Longitudinal  Separation  of  Adjacent  Orbits  at  the  Equator:  2821  km  (1750  mi) 

25*  longitude 


Sensor  Cross  Track  Scans  widths: 
Imager  -  2.800  km  (1,740  ml.) 
Sounder  -  2,347  km  (1,458  mi.) 


Geostationary  weather  satellites  provide  continuous  viewing  of  the  United  States  and  adjacent 
coastal  waters.  Two  operational  units  are  in  orbit,  with  these  characteristics: 

Altitude:  35,000  km  (22.300  mi.) 

Orbit  Period:  24  hours 

GOES  East:  75*M,  covers  ♦  50*  latitude  and  longitude  around  subpoint 
GOES  Nest:  US’H,  covers  ♦  50*  latitude  and  longitude  around  subpoint 


NOAA-Series  Spacecraft 

NOAA's  two  polar-orbiting  spacecraft,  based  on  an  earlier  TIROS  design  called  NOAA-A,  6,  etc., 
provide  operational  coverage  of  the  entire  Earth  four  times  per  day.  They  are  a  principal  source  of 
environmental  data  for  the  80S  of  the  globe  that  Is  not  covered  by  conventional  data.  The  purpose  of 
these  satellites  is  to  make  measureawnts  of  vertical  temperature  and  humidity  structure  of  the 
atmosphere,  surface  temperature,  cloud  cover,  snow  cover,  water-ice  boundaries,  and  proton  and  electron 
flux  near  the  Earth.  They  have  a  capability  of  receiving,  processing,  locating,  and  relaying  to  readout 
stations  data  from  balloons,  buoys,  ships,  and  reawte  automatic  stations  distributed  around  the  globe. 
The  satellites  also  carry  a  Search  and  Rescue  transponder  to  be  described  later. 

The  sensor  and  relay  systems  on  the  NOAA-serles  polar  satellites  Include: 

e  TIROS  Operational  Vertical  'Sounder  (TOVS) 

e  Advanced  Very  High  Resolution  Radloawter  (AVHRR) 
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•  \[>a<  <■  Invironment  Monitor  (S(M) 

•  Solar  Backscatter  Utravlolet  Radiometer  (SBUV) 

t  ARGOS  [lata  Collection  and  Platform  Location  System  (DCS) 

•  Search  and  Rescue  System  (SARSAT) 

In  addition  to  the  normal  command,  telemetry,  and  data  communications  capabilities  of  the 
NOAA  series  satellite,  direct  data  readout  service  to  users  is  provided  via  three  broadcast  channels: 

•  High  Resolution  Picture  Transmission  ( HRPT ) 

•  Automatic  Picture  Transmission  (APT) 

•  Direct  Sounder  Broadcast  (DSB) 


The  Advanced  Very  High  Resolution  Radiometer  (AVHRR)  Is  a  five-channel  scanning  radiometer  sensitive 
in  the  visible,  near-infrared  and  Infrared  window  regions.  (See  Table.)  This  Instrument  provides  data 
for  major  data  readout  stations,  and  for  Direct  Sounder  Broadcasts,  APT.  and  HRPT  outputs.  HRPT  data  Is 
transmitted  at  full  resolution  (1.1  km),  APT  Images  have  reduced  resolution  (4  km.) 


Advanced  Very  High  Resolution  Radiometer  (AVHRR) 


CHANNELS 

HAVELENGTHSt  P  m) 

PRIMARY  USES 

1 

0.58  -  0.68 

Daytime  cloud/surface  mapping 

? 

0.725-  1.10 

Surface  water  delineation 

J 

3.55  -  3.93 

Sea  surface  temperatures, 
nighttime  cloud  mapping 

4 

10.50  -11.50 

Sea  surface  temperatures,  day 
and  night  cloud  mapping 

S 

11.50  -12.50 

Sea  surface  temperatures 

Reports  from  the  TIROS  Operational  Vertical  Sounder  (TOVS)  are  a  major  satellite  source  of  data  for 
numerical  weather  prediction  for  computers  operated  by  the  National  Heather  Service.  The  TOVS  Is  a  three 
Instrument  system,  consisting  of. 

High  Resolution  Infrared  Radiation  Sounder  (HIRS/2)  -  a  20-channel  Instrument  making  measurements 
primarily  In  the  Infrared  region  of  the  spectrum  (0.69  -  14.96um).  The  Instrument  Is  designed  to 
provide  data  that  will  permit  calculation  of  (1)  temperature  profile  from  the  surface  to  10  mb,  (2)  water 
vapor  content  In  three  layers  In  the  atmosphere,  and  (3)  total  otone  content. 

Stratospheric  Sounding  Unit  (SSU)  -  employs  a  selective  absorption  technique  to  make  measurements  In 
three  infrared  channels  (all  near  ISum.  Data  from  the  SSU,  an  Instrument  built  and  funded  by  the 
United  kingdom,  allows  calculations  to  be  made  of  temperature  profiles  In  the  stratosphere. 

Microwave  Sounding  unit  (MSU)  -  a  4-channel  radiometer,  makes  passive  measureawnts  In  the  S.5  mm 
o«ygen  band  (SO. 3  -  57. OS  GH z).  This  Instrument,  unlike  those  making  measurements  In  the  Infrared 
region,  Is  little  affected  by  clouds.  Used  with  the  HIRS  data,  MSU  data  extends  temperature  profiles 
below  cloud  tops  to  the  Earth's  surface. 

Data  from  the  TOVS  are  available  locally  as  a  part  of  the  HRPT  transmission  and  on  the  spacecraft 
VHF  beacon  transmission,  frequently  referred  to  as  the  Direct  Sounder  Broadcast  (DSB). 

Another  set  of  NOAA-serles  spacecraft  sensors  Is  the  Space  Environment  Monitor  (SEM)  system.  SEM 
data  are  used  to  monitor  and  predict  solar  events  such  as  sunspots  and  flares,  and  map  the  boundaries  of 
the  polar  auroral  ovals.  Similar  measurements  are  also  made  by  NOAA's  geostationary  satellites.  SEM 
Instruawnts  Include: 

a.  The  Total  Energy  Detector  (TED);  which  measures  a  broad  range  of  energetic  particles  from 
0.3  KeV  to  20  KeV  In  11  bands,  and 

b.  The  Medium  Energy  Proton  and  Electron  Detector  (MEPED),  which  senses  protons,  electrons,  and 
Ions  with  energies  from  30  KeV  to  several  tens  of  MeV. 


Applications  of  SEM  data  from  Polar  and  Geostationary  satellites  Include: 

a  Prediction  of  the  Ionospheric  conditions  affecting  radio  coawinlcatlons  and  over  the  horlion 
radar  systems: 
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•  Prediction  of  effects  of  magnetic  storms  on  electrical  power  distribution  (partlculary  In  the 
northern  latitudes),  and 

•  Prediction  of  radiation  levels  affecting  high-altitude  military  and  civil  aircraft,  and  manned 
space  activities  such  as  shuttle  flights. 


The  Solar  Backscatter  Ultraviolet  Radiometer  (SBUV/2)  Is  a  non-spatlal  scanning,  nadir  viewing 
instrument,  designed  to  measure  scene  radiance  In  the  spectral  region  from  160  nanometers  (nm)  to  400  nm. 
The  data  gathered  are  used  to  determine  the  vertical  distribution  of  ozone  In  the  earth's  atmosphere, 
total  ozone  In  the  atmosphere,  and  solar  spectral  Irradiance. 

NOAA-Series  satellites  have  several  modes  of  data  collection  and  dissemination.^  High  resolution 
data  (1.1  km)  sensed  by  the  AvhRR  Imager  is  constantly  broadcast  in  the  HRPT  channel  as  a  stream  of 
numbers  suitable  for  computer  griddlng  and  processing.  Some  high  resolution  Images  (one-tenth  of  an 
orbit)  and  all  sounding  data  are  taped  on-board  for  readout  at  ground  stations  In  Alaska,  Virginia,  and 
Lannlon,  france. 

Picture  elements  are  also  combined  on-board  to  form  low  resolution  Images  (4  km).  Low  resolution 
data  from  whole  orbits  are  stored  for  readout.  They  are  also  processed  on-board  for  a  facsimile 
transmission  called  Automatic  Picture  Transmission  (APT).  These  local  Images  are  broadcast  constantly, 
and  can  be  received  and  shown  on  a  television  screen  display  for  a  few  hundreds  of  dollars.  A  more 
professional  APT  ground  station  system  costs  only  $3000-$5000.  More  than  1000  APT  ground  stations  are  In 
use  throughout  the  world  in  122  countries. 

HRPT  reception  Is  more  expensive  ($300,000),  since  It  requires  a  more  costly  radio  and  a  computer 
processor  to  format  high  resolution  AVHRR  data  Into  Images.  There  are  23  HRPT  stations  owned  and 
operated  by  u.S.  federal  agencies  other  than  NOAA.  Presently,  there  are  46  foreign  HRPT  stations  In 
countries  such  as  Canada,  Prance,  west  Germany,  India,  Japan,  and  Peoples  Republic  of  China.  Selected 
applications  of  Local  Area  Coverage  (LAC)  data  Illustrate  AVHRR/HRPT  data  users: 

Country  Application 

Senegal  Monitoring  pastoral  areas  for  plant  growth  and  development. 

Australia  To  observe  surface  currents  In  the  Tasman  Sea,  particularly 

the  East  Australian  Current. 

Canada  To  monitor  vegetation  development  In  two  different  areas 

of  the  U.S.S.R. 

Prance  To  observe  oil  slick  movement  In  the  Persian  Gulf. 

Italy  Monitor  African  desert  locust  breeding  grounds. 


Sounding  data  from  the  three  TOVS  sensors,  H1RS/2,  SSU,  and  MSU,  are  broadcast  continually.  Public 
Interest  In  these  Direct  Sounding  Broadcasts  ( DSB ) ,  Initially  was  low;  only  seven  stations  were  known.  In 
five  countries,  after  five  years  of  DSB  service.  This  number  has  grown  to  29  countries  recently,  with 
the  development  by  NOAA  research  laboratories  of  new  software  that  permits  simple  calculation  of 
soundings  from  TOVS  raw  radiances.  OSB's  give  local  forecasters  and  flight  controllers  and  planners 
access  to  local  area  soundings  spread  over  a  region  of  about  2,000  by  4,000  km. 

Two  data  relay  systems  are  operational  aboard  NOAA-serles  spacecraft.  Both  use  the  Doppler  effect 
occurring  between  the  moving  satellite  and  a  quasi-fixed  transmitter  at  the  Earth’s  surface  to  permit 
location  of  the  ground  station.  Two  satellite  passes,  at  minimum,  are  needed  to  resolve  fully  the 
station  location. 


(a)  The  ARGOS  system,  a  platform  location  and  data  relay  system.  Is  a  cooperative  project  among: 
The  Centre  National  D'Etudes  Spatlales  (CNES,  France), 

The  National  Aeronautics  and  Space  AAalnlstratlon  (NASA,  USA), 

The  National  Oceanic  and  Atmospheric  Administration  (NOAA,  USA). 


The  spacecraft  portion  of  the  ARGOS  Data  Collection  System  (DCS)  equlpaient  Is  provided  by  CNES  at  no 
cost  to  the  U.S.  ARGOS  collects  and  relays  environmental  data  from  buoys,  balloons,  and  other  platforms 
located  anywhere  on  the  earth's  surface,  and  Is  the  only  envl ronsiente)  satellite  data  collection  system 
capable  of  locating  fixed  and  moving  platforms. 

The  ARGOS  system  Is  comprised  of: 

a  User  platforms,  each  equipped  with  sensors  and  a  platform  transmitter  terminal; 

e  Two  satellites  In  orbit  at  any  one  time,  each  equipped  with  an  on-board  data  collection  system 
(DCS)  ensuring  platform  message  reception,  processing,  and  retransmission; 

e  The  ground  data  processing  centers. 
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ARMS  data  relay  from  Arctic  and  Antarctic  platforms  not  In  view  of  the  geostationary  satellites  Is 
Important  to  the  U.S.,  as  Is  ARGOS  platform  locations  for  major  oceanographic  research  programs  In  which 
drift  speeds  of  buoys  are  Important. 


(h)  lo  aid  downed  aircraft  and  ships  In  distress  In  remote  regions,  the  United  States,  Canada, 
France,  the  USSR,  the  United  Kingdom,  Sweden,  and  Norway  have  Joined  together  In  the  deployment  of  a 
search  and  rescue  system.  Thousands  of  emergency  transmitters  are  already  Installed  on  coenterclal  and 
private  aircraft.  The  system  detects  faint  distress  signals  and  relays  them  via  a  NOAA-serles  spacecraft 
and  a  comparable  USSR  satellite,  to  local  ground  stations  and  on  to  the  appropriate  rescue  forces.  As  In 
the  case  of  ARGOS  data  relay,  Doppler  permits  location  of  distress  signals.  More  than  50  lives  have  been 
saved  in  the  first  months  of  operation.  The  United  States.  Canada,  and  France  provide  space  and  ground 
hardware  for  use  on  the  NOAA  weather  satellites;  the  USSR  provides  a  compatible  system.  Several 
countries  provide  ground  readout  stations.  NOAA-8  and  two  Soviet  satellites  presently  carry  the  search 
and  rescue  relay  hardware. 


..eostationary  Operational  Environmental  Satellite  (GOES) 

Two  GOES  satellites,  located  at  75°  Rest  and  135“  Rest  longitude,  observe  the  Eastern  and  Western 
nited  States  and  the  adjacent  ocean  areas  from  their  vantage  points  over  the  Equator,  and  have  coverage 
;ones  which  extend  well  Into  the  Southern  Hemisphere.  The  GOES  satellites  make  day  and  night  obser¬ 
vations  of  weather  in  the  coverage  area,  monitor  severe  weather  events  such  as  hurricanes  and  other 
severe  storms,  relay  meteorological  observation  data  from  surface  collection  points  to  a  processing 
center,  and  perform  facsimile  transmission  of  processed  graphic  and  Imaged  weather  data  (WEFAX)  to  field 
stations.  The  satellites  also  monitor  the  condition  of  the  magnetic  field  of  the  Earth  at  geostationary 
altitude  and  measure  the  energetic  particle  flu*  In  the  vicinity  of  the  satellite,  and  observe  X-ray 
emissions  from  the  Sun,  transmitting  these  observations  to  a  central  processing  facility.  These  latter 
measurements  are  made  through  the  Instruments  collectively  called  the  Space  Environment  Monitor  (SEM). 
The  satellites'  sensor  and  data  relay  systems  include:4 

•  Vi sible- Inf rared  Spin-Scan  Radiometer  (VISSR)  Atmospheric  Sounder  (VAS) 

•  Space  Environment  Monitor  (SEM) 

•  Data  Collection  System  (DCS) 


The  VISSR  sensor  provides  operational  day-nfght  Imaging  of  the  Earth.  When  ft  operates  in  the  VAS 
mode,  it  provides  experimental  sounding  measurements.  The  VAS  mode  slows  down  the  VISSR's  Imaging  rate 
of  Earth  scanning.  In  addition  to  the  normal  comnunlcatlons  links,  users  can  receive  GOES  data  directly 
from  the  satellite  via: 

•  VAS  Direct  Broadcasts; 

•  VISSR  Image  Broadcasts, 

•  Reather  Facsimile  Service  (WEFAX). 


Geostationary  data  Is  unique  In  satellite  meteorology  In  that  images  from  almost  one-third  of  the 
Earth  can  be  obtained  In  a  short  time.  A  *rfiole-d1sk  Image  requires  20  minutes  of  scan  time. 

A1 ternatlvely ,  since  the  viewed  area  Is  never  out  of  sight,  partial  Images  may  be  scanned.  In  lieu 
of  whole-disk  Images,  as  often  as  once  per  five  minutes.  For  example,  a  nascent  tornado-producl ng  storm 
can  be  observed,  and  threatened  areas  alerted,  while  the  storm  Is  in  progress.  From  one  visible  and 
1?  Infrared  channels,  (0.55  -  0.72  um,  3.945  -  14.73w«),  sequential  VISSR  Images  permit  meteorologists 
to  observe  regional  cyclone  development  and  movement.  Apparent  cloud  movement  between  Images  Is  used  for 
calculation  of  "cloud  motion  winds." 

VAS  mode  soundings  have  great  potential  for  the  future,  since  they,  like  Images,  can  be  scanned 
frequently  for  selected  areas  of  the  full  disk,  but  a  full  disk  sounding  requires  13  hours.  At  present, 
VAS  soundings  have  not  reached  the  quality  of  polar  orblter  TOVS  soundings,  since  they  are  based  on  fewer 
IR  channels,  with  no  microwave  sensors  for  temperatures  below  cloud  levels,  and  have  a  larger 
f lei d-of -vi ew . 


Space  Environment^  Monl  tor  (SEM)  System 

The  GOES  SEM  system  measures  the  variability  of: 

•  The  Earth's  magnetic  field 
e  The  flow  of  emission  of  X-Rays  from  the  Sun 

e  The  strength  of  concentration  of  particles  (protons  and  electrons)  from  the  Sun 

SEM  date  ere  processed  end  applied  by  the  Joint  NOM/USAF  Space  Envlronamnt  Services  Center, 
Boulder,  Colorado.  Uses  Include  prediction  and  monitoring  of: 

e  Sun  spots,  solar  flares,  and  solar  storms 
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•  The  effects  of  solar  activity  on  the  Earth's  magnetic  field,  variations  in  Polar  Auroral  Belts,  and 
intensity  of  near  Earth  radiation  belts 

Other  Applications  include  predictions  of: 

•  Transmission  conditions  of  ionospheric  radio  and  over-the-hort ion  radars; 

•  fffects  on  electric  power  transmission  grids. 

•  Radiation  Levels  Affecting: 

High  altitude  civil  and  military  aircraft  operations; 

-  Manned  space  activities  (such  as  shuttle  flights). 


GOt S  Data  Collection  and  Relay  Systems 

The  GOES  Data  Collection  System  is  a  multi-channel  transponder  system  that  allows  messages  from 
remotely-located  data  collection  platforms  to  be  relayed  via  the  satellite  to  a  central  processing 
facility.®  Platforms  include  sensors  for  flash  floods,  tsumanis.  earthquakes,  winter  snowfall,  etc. 

Another  message  relay  function  is  the  GOES  Search  and  Rescue  transponder.  Although  emergency 
reports  can  be  located  only  by  Pol ar-Orbi ti ng  spacecraft,  the  GOES  SAR  will  allow  emergency  reports  to 
fe  sent  at  all  times,  without  delay,  whether  or  not  a  polar  satellite  is  overhead. 


Weather  facsimile  (WEFAX); 

WEFAX  uses  the  GOES  spacecraft  to  relay  low  resolution  satellite  Imagery  and  meteorological  charts 
to  properly  equipped  ground  stations  in  the  western  hemisphere.®  Many  countries  have  no  other  access  to 
satellite  imagery,  as  well  as  to  standard  meteorological  charts  from  the  World  Meteorological  Center. 
Washington,  D.C. 

The  WEFAX  transmission  frequency  is  common  with  the  frequency  used  by  the  European  Space  Agency's 
MfTtOSAT  and  Japan's  GMS  spacecraft  facsimile  service  and  so  provides  near  global  access  to  WEFAX 
service-  This  global  availability  is  especially  Important  to  conmercial  shipping  and  for  military 
operations. 

There  are  100  known  WEFAX  receiving  stations,  more  than  100  of  them  operated  by  users  in  foreign 
countries. 


Satellite  Data  Products 


Satellite  data  products  vary  from  mapped  values  produced  by  a  few  simple  calculations,  to  soundings 
for  which  complicated  algorithms  must  be  employed.’-7  For  a  typical  product,  two  or  more  channels  of 
radiance  values  are  used  to  deduce  correct  temperature  values.  Temperature  values  may  then  be  displayed 
in  a  linear  grey  scale  (as  in  "normal"  photography) ,  or  the  grey  scale  may  be  "stretched"  to  emphasize 
selected  values.  To  show  a  crop-freeze  line,  for  example,  areas  with  temperatures  warmer  or  colder  than 
freezing  are  shown  in  subdued  tones;  temperatures  near  freezing  are  mapped  in  sharp  contrasts. 


Polar-Orbiting  Spacecraft,  Data  Products: 

Soundings  are  calculated  from  TOVS  data.  Two  NOAA-series  spacecraft  provide  raw  radiances  for  some 
16,000  soundings  a  day,  globally,  from  the  surface  to  an  altitude  of  65.5  km.  Soundings,  derived  from  an 
average  field-of-view  of  about  40  x  40  km,  includes  temperature,  water  vapor  (at  three  levels),  and  total 
ozone. 

Sea  Surface  Temperature  (SST)  is  calculated  worldwide  for  a  field-of-view  of  8  km,  from 
AvmRR  radiances.  SST  plots  are  used  to  locate  ocean  thermal  mass  boundaries  for  commercial  fisheries, 
for  finding  ocean  fog  banks  danqerous  to  shipping,  and  to  position  ocean  currents  (like  the  Gulf  Stream) 
of  interest  to  ship  route  planners. 

A  vegetation  index  is  mapped  for  land  regions  of  the  Earth,  using  AVHRR  Channels  1  and  2.  While 
this  product  primarily  shows  green  areas  of  productive  farm  lands,  lower  index  values  reveal  encroaching 
deserts,  potential  forest  fire  areas,  insect  growth  and  migration  regions,  and  surprisingly,  some 
oil-spill  slicks.  This  index  is  widely  used  by  the  U.N.  World  Health  Organization,  and  the  U.S. 

Department  of  Agriculture. 

Global  ice  coverage  Is  calculated  weekly  by  a  joint  MOAA-Havy  team,  using  AVHRR  and  other  data.  For 
the  Polar  and  Alaskan  regions,  ice  coverage  is  mapped  to  show  age  and  thickness,  Great  Lakes  winter  Ice  is 
also  mapped. 

Volcanic  ash,  floating  in  the  stratosphere,  has  proved  to  be  a  hazard  to  jet  aircraft.  One  flight 
near  Indonesia  has  twice  suffered  engine  stoppages  while  passing  through  the  ash  plume  from  eruptions  of 
Galunggung  and  Una  Una.  AVHRR  data  facilitates  global  surveillance  for  ash  hazards. 

The  heat  budget  of  the  Earth  shows  the  balance  between  solar  energy  falling  on  the  Earth,  and  the 
outgoing  terrestrial  (thenaal)  radiation.  AVHRR  visible  data  are  used  to  determine  the  albedo  of  the 


Earth  (that  is,  the  whiteness  of  the  surface,  oceans,  and  clouds),  and  outgoing  radiation  measured  in  the 
!R  "atmospheric  window."  Heat  budget  values  are  used  in  climate  studies.  After  a  history  of  values  is 
archived,  it  may  be  possible  for  analysts  to  predict  seasonal  or  annual  weather  on  the  basis  of  trends 
in  heat  budget  balance  values. 


Geostationary  Satellite  Products. 

From  geostationary  orbit,  the  VAS  provides  measurements  of  the  atmosphere's  temperature  and  moisture 
more  frequently  than  polar  orblter  data.  These  measurements  can  be  obtained  over  the  II. S.  and  adjacent 
waters  every  hour  with  VAS,  whereas  they  are  obtained  every  1?  hours  with  a  polar  orblter.  Also,  all  the 
measurements  over  the  U.S.  can  be  acquired  in  one  hour,  whereas  five  hours  (three  consecutive  orbits)  are 
needed  to  acquire  these  data  from  polar  obiters.  The  temporal  continuity  and  frequency  VAS  Images  and 
soundings  are  especially  useful  for  (1)  detecting  areas  where  atmospheric  conditions  favor  the  develop¬ 
ment  of  severe  weather  (e.g.  warm  moist  air  under  colder  dry  air),  and  for  (?)  monitoring  the  rates  of 
change  of  these  conditions. 

VAS  soundings  over  data-sparse  regions  are  used  as  Input  to  numerical  models.  In  this  regard  VAS 
soundings  can  be  used  to  initialize  the  large  scale  models  more  frequently  and  as  input  to  regional  or 
small  scale  models  currently  being  developed.  VAS  soundings  and  products  derived  from  them  (temperature 
and  moisture  analyses,  instability  trends,  etc.)  are  undergoing  extensive  evaluation  by  the  National 
Meteorological  Center,  the  National  Hurricane  Center,  the  National  Severe  Storm  Forecast  Center,  and  the 
Program  for  Regional  Forecasting  Services. 


Snow  »atch. 

In  the  mountain  states  of  the  U.S.,  values  for  a  winter  Snow  Natch  for  30  run  off  basins  are  now 
calculated  regularly  from  satellite  imagery.  Using  previous  years'  runoffs,  analysts  can  relate  snowfall 
area  occurrence  of  precipi tation  to  snow  pack  water  content.  As  Spring  arrives,  the  retreat  of  snow 
cover  discloses  snow  melt  rates.  In  the  floods  of  1183,  snow  analysis,  confirmed  by  GOFS/VAS  sensors, 
provided  guidance  for  flood  management  actions. 


Cloud  Motion  wind  Vector  Fields: 

Wind  vectors  are  estimated  by  a  computer  technique  that  measures  apparent  low-level  cloud  motions 
between  consecutive  GOES  Images,  using  Infrared  image  data  over  ocean  areas.8  Upper  level  motions  are 
measured  manually  on  a  computer  interactive  system.  Approximately  1?00  Wind  Measurements  are  made  and 
delivered  three  times  per  day  to  users,  who  include: 

National  Meteorological  Center  (Camp  Springs,  Maryland); 

u.S.  Air  Force  Global  Weather  Central  (Offutt  AFB,  Nebraska), 

U.S.  Navy  Fleet  Numerical  Oceanographic  Center  (Monterey,  California). 


Sea  Surface  Thermal  Composite: 

Sea  surface  composites  are  used  for  mapping  water  masses,  fronts,  and  eddies.  They  are  useful  for 
locating  favorable  fishing  grounds,  for  ship  routing,  and  for  determining  underwater  sound  propogation. 
Daily  infrared  temperature  composites  are  produced  from  four  daytime  Images  from  both  GOES  West  and  GOES 
East.  Composites  are  available  to  NOAA  computer  terminal  users  and  are  distributed  by  the  National 
Weather  Service.  Tne  U.S.  Navy  is  currently  the  biggest  user. 

Products  produced  from  geostationary  data  Involving  grey-scale  distortion  "stretching"  Include: 
Hurricane  and  thunderstorm  core  designation,  cloud  depictions,  snow  enhancement,  cloud  top  pin-pointing, 
snow  melt,  freeze  line  designation,  location  of  water  mass  boundaries,  morning  fog  location,  costal 
upwelling  location,  and  depiction  of  general  meteorological  features. 


Other  derived  geostationary  satellite  products  include: 

•  Rainfall  estimates  -  Estimates  of  heavy  rainfall  are  depicted  from  enhanced  GOES  satellite 
Imagery,  and  are  used  for  flash-flood  forecasts. 

•  Hurricane  Classification  -  Hurricanes  are  classified  and  tracked  without  hiatus. 

a  Satellite  Interpretation  Messages  describe  the  general  synopsis  of  the  weather  affecting  the 
U.S.  and  are  supplied  two  to  eight  times  per  day. 

t  Tropical  Storm  Bulletins  -  Coded  messages  depict  the  locations  of  vortices  with  tropical  history 
for  the  Atlantic,  Pacific,  and  Indian  Oceans. 


Defense  Department  Spacecraft 

Another  source  of  data  for  civil  and  Defense  Department  weather  forecasting  are  satellites  of  the 
Defense  Meteorological  Satellite  Program  (DMSP).  Like  the  NOAA-Serles  platform,  the  OMSP  spacecraft  are 
polar  orbiters  with  an  array  of  sensors  comparable  to  the  NOAA  Series:  The  Operational  Linescan  System 
{ OL S)  has  aultiple  visible  and  Infrared  channels  for  Imagery  (0.56  km  regional  FOV,  2-78  km  global  FOV), 


cloud  location  and  calculation  of  sounding.  Passive  microwave  sensors  for  soundings  and  images  are  also 
provided.  Space  environments  are  monitored  by  sensors  comparable  to  the  NOAA-series  StM.  NOAA-series 
and  0M5P  satellites  utilize  many  similar  components,  including  the  main  frame  “bus." 


International  Heather  Satellites^ 

In  addition  to  the  U.S.  polar  and  geostationary  satellites  (GOFS-East  and  Hest,  located  at  75°  and 
175°  West  longitude),  four  other  geostationary  satellites,  sufficient  for  a  continuous  global  review  of 
mesoscale  and  large  scale  weather  features,  are  in  operation  or  planned.  All  provide  visible  and  infrared 
imagery,  data  collection,  and  HFFAX  (e»cept  India's  INSAT): 


Name 

Ml TtDSAT 


GMN 

INSAT 

UGMS  (Planned) 


International  Geostationary  Satellites 


Operator 

EUMFTSAT  and  the 
European  Space  Agency 

Japan 

lndi  a 

USSR 


Location  (Longitude) 
0° 

140°E 

72°E 

74°E 


Russia's  polar  orbiter  METEOR  is  the  only  low-orbit  spacecraft  now  supplementing  data  provided  by 
the  J.S.  NOAA-series  System.  Several  countries  have  plans  for  Low  Earth  Orbit  (LEO)  spacecraft  for 
flights  later  in  this  decade,  these  are  primarily  for  land  and  ocean  surface  observations,  rather  than 
meteorology . 


Data  Users 

Data  from  U.S  meteorological  satellites  have  many  other  users  in  addition  to  the  NOAA  National 
Meteorological  Center,  the  U.S.  Air  Force  Global  Heather  Central,  and  the  U.S.  Navy  Fleet  Numerical 
Oceanographic  Center.  There  are  23  HRPT  stations  operated  by  U.S.  Federal  agencies  other  than  NOAA.  In 
addition  there  are  46  foreign  HRPT  stations  worldwide.  Seven  known  DSB  stations  are  operating  in  five 
countries,  more  are  expected,  as  new  software  becomes  available  from  NOAA  researchers,  to  permit  sounding 
calculations  to  be  made  using  table- top  computers.  APT  transmissions  reguire  only  a  simple  receiver  and 
a  small  fascimile  machine.  Over  900  APT  stations  are  known,  in  122  countries.  Like  APT,  the  GOES  HEFAx 
requires  only  the  simplest  of  receivers  and  facsimile  machines.  As  a  result,  HEFAX  users  are  found 
throughout  the  Western  Hemisphere  and  Pacific  Ocean  regions.  Almost  200  are  in  operation.  Since  the 
menu  of  HEFAx  frames  includes  AVHRR  images,  GOES  images  and  National  Heather  Service  products  (forecast 
maps),  many  have  secondary  distribution  via  national  networks  (in  Central  and  South  America)  and  via 
Meteosat  to  European  Countries. 


Department  of  Defense  Data  Users 

Polar  Satel i ites: 

Imagery  from  the  AVHRR  is  a  primary  backup  and  source  of  supplemental  data  for  the  DoO.  The  USAF 
operates  the  Defense  Meteorological  Satellite  Program  for  primary  weather  support  to  the  U.S.  armed 
forces.  The  Oefense  and  civil  metsat  programs  are  mutually  supportive.  Data  and  products  are  exchanged 
freely  and  critical  support  is  provided  by  mutual  backup  in  the  event  of  system  failures. 

All  NOAA  polar  metsat  data  are  transmitted  in  real  time  from  NOAA  ground  stations  via  a  commercial 
communications  satellite  to  the  Air  Force  Global  Heather  Central  (AFGHC)  at  the  Offutt  AFB ,  Nebraska,  and 
the  Fleet  Numerical  Oceanographic  Center  (FNOC)  in  Monterey,  California.  The  AFGHC  includes  the 
NOAA-series  imagery  data  in  their  objective  global  3-D  cloud  analyses  which  are  input  to  their  global 
numerical  cloud  prediction  models,  and  prepares  tailored  mapped  projections  of  the  Imagery  for  special 
apppl (cations.  FNOC  Includes  the  NOAA  imagery  and  sea  surface  temperature  products  in  their  global  ocean 
forecasting  program. 

The  NOAA/USN  Joint  Ice  Center  in  Suitland,  Maryland,  uses  the  high  resolution  visible  and  Infrared 
images  in  analyzing  ice  conditions  over  the  ocean  areas  and  the  Great  takes.  The  Navy  prepares  detailed 
ice  analyses  and  forecasts  for  support  to  Artie  Ocean  operations  and  Antarctic  resupply  missions. 


Geostationary  Satellites: 

GOES  Imagery  from  both  East  and  Hest  satellites  are  received  directly  at  FNOC  and  AFGHC  in  real 
time.  These  centers  use  the  data  for  routine  and  special  forecasts  for  route  and  terminal  forecasts, 
severe  weather  warnings,  and  for  major  Naval  and  air  movements  are  training  e«erc(ses.  The  cloud  motion 
winds  are  used  in  the  numerical  forecast  models  at  both  centers.  Oata  from  the  civilian-operated 
Japanese  CHS  and  European  METEOSAT  are  relayed  to  the  DoO  after  acquisition  by  NOAA. 


/ 


Polar  Sate!  lltes: 


The  DoD  operates  portable  surface  receivers  equipped  to  acquire  both  APT  and  HRPT  data  from  the 
NOAA-serles  satellites.  This  equipment  Is  deployed  at  12  Air  Force  sites,  9  Navy  Installations  (both  on 
ships  and  at  fixed  facilities),  and  5  units  are  available  for  deployment  by  the  Marines.  Data  acquired 
at  these  stations  support  tactical  and  theater  operations  and  training  exercises.  The  Navy  and  the  Air 
force  also  provide  weather  support  to  allied  forces  during  Joint  exercises  through  these  deployed  ground 
receivers.  A  program  now  under  expansion  by  the  Air  Force  Is  the  use  of  vans  as  ground  station  terminals 
for  both  direct  DMSP  and  HRPT  reception.  Some  16  of  these  are  scheduled  for  operation  by  1987.  NCAA  and 
OMSP  imagery  are  the  primary  sources  of  data  for  the  Navy  and  Air  Force  In  providing  weather  and 
oceanographic  support  to  units  operating  in  the  Southern  Hemisphere  and  In  remote  areas  where  conven¬ 
tional  sources  of  data  are  sparse  and  often  unreliable.  The  Joint  Typhoon  Naming  Center  on  Guam  Is  a 
major  user  of  polar  Metsat  imagery  for  the  tracking  and  forecasting  of  tropical  Pacific  storms. 

Geostationary  Satellites: 

Naval  ships  deployed  in  the  Atlantic  and  the  Pacific  acquire  the  GOES  WEEAX  broadcasts  of  satellite 
imagery  and  routine  weather  maps  produced  by  NMC.  NOAA  acquires  Japanese  GMS  data  in  Hawaii  and  Guam  for 
use  by  the  DoD.  The  GMS  Imagery  Is  used  for  tracking  and  forecasting  typhoons. 


NoAA-DoD  Shared  Data  Processing^ 

In  198S,  NOAA  and  the  DoD  will  begin  operation  under  a  shared  processing  agreement  which  will 
distribute  the  ground  processing  of  data  from  both  DMSP  and  NOAA  metsats  across  major  operational 
processing  centers.  The  AFGNC  will  process  and  map  all  visible  and  infrared  Imagery;  the  FNOC  will 
process  oceanic  parameters  and  products,  and  NOAA  will  process  all  sounding  data  from  both  DMSP  and  NOAA 
satellites-  As  each  center  processes  the  data  and  products  In  Its  area  of  expertise  and  responsibility, 
domestic  communications  satellite  links  are  used  to  distribute  the  outputs  In  real  time  to  the  computers 
of  the  other  two  centers.  Shared  data  processing  will  provide  mutual  access  and  backup  to  AFGNC,  FNOC 
and  NOAA  data  bases. 

A  major  gain  of  shared  processing,  planners  believe,  will  be  (1)  a  saving  In  overall  processing 
costs  and  (21  a  closer  Unking  of  the  three  major  jJ.S.  weather-related  facilities.  More  data  will  be 
shared,  NOAA,  for  example,  will  for  the  first  time,  have  access  to  DMSP  microwave  sounder  and  Imagers 
iSSMT,  SSM1 )  to  supplement  the  SSu  and  MSU  components  of  TOVS.  More  data  channels  will  link  the  three 
facilities,  both  commercial  data  relay  satellites  and  land  telephone  lines  will  be  used.  Closer  liaison 
among  the  three  should  reduce  the  differences  In  data  formats  and  software  peculiarities.  Products  to  be 
produced  by  each  center  Include: 


Shared-Processing  Data  Products 


Agency  Products 

FNOC  -  Sea  surface  Temperature 

-  Brightness  Temperature  Fields 

-  SSMI  Environmental  Parameters 

( ocean  surface  winds,  ice  cover, 
precipitation,  cloud  water  content.) 


AFGNC  -  Satellite  Global  Data  Base 

(mapped  imagery) 

-  Cloud  Analysis  Data  Base 

-  SSMI  and  SSMT  Raw  Data  Files 

NESD1S  -  Atmospheric  Temperature  Soundings 

-  Atmospheric  Nater  Vapor  Soundings 


weather  Data  Support  for  Tactical  Missions 

This  summary  of  civil  satellite  systems  shows  that  tactical  units  have  a  variety  of  sensors  and 
satellite  broadcast  services  available  to  them  for  mission  use: 

•  GOES  wer't.er  facsimile  WEFAx  reception  requires  little  space,  power  and  cost,  and  over  a  period 
of  hours  supplies  a  menu  of  local  and  regional  weather  scenes  and  computer-generated  forecasts. 

e  worldwide,  APT  broadcasts  from  NOAA-serles  satellites  can  supplement  coded  transmissions  from  the 
OMSP  spacecraft  to  give  low-resolution  (4  km)  Images  of  the  famtedlate  region.  HRPT  broadcasts 
cover  the  same  area  with  l.l  km  resolution  images  of  local  weather.  OSB  services,  using  new 
retrieval  software,  will  allow  field  units  to  determine  atmospheric  stability  aloft,  without  a 
need  for  weather  balloon  releases.  Local  and  regional  forecasts  can  be  inferred  From  the  DSB 
soundings,  along  with  an  estimate  of  radar  and  UHF  radio  propagation  paths,  for  the  region. 

•  Since  DMSP  and  NOAA  satellites  are  complimentary,  the  combined  metsat  system  now  provides  field 
forces  with  six  or  more  regional  views  of  weather,  worldwide.  (More  than  six,  if  more  than  one 
OMSP  Polar  orblter  Is  operational . )  More  frequent  views  of  hemisphere-wide  weather  patterns  are 
available  to  forces  operating  anywhere  from  the  Azores  to  Guam. 


•  !  von  today,  before  Shared  Processing  links  more  closely  the  forecasting  centers  of  NOAA,  the  Air 
l  orce  and  the  Navy,  each  center  has  a  capability  to  provide  forecast  products  to  support  the 
missions  of  the  two  otners,  in  event  of  failures  of  satellites  or  processing  capabl ' *  ties . 

•  Throughout  the  world.  U.s.  and  allied  forces  have  the  option  of  deploying  Data  Collection 
Platforms,  such  as  automatic  weather  stations,  on  land  or  sea.  Data  relay  would  be  effected  by 
NOAA-series  polar  orbitlers  or  C.OfS  spacecraft  In  the  Western  Atlantic  or  [astern  or  Central 
Pat i f  ic  . 

•  with  NOAA  acting  as  the  data  relay  channel  ,  U.S.  and  allied  armed  forces  have  access  to  weather 
images  from  European  and  Japanese  geostationary  spacecraft,  thus  enlarging  the  areal  coverage  of 
weather  imagery  available  to  them. 

•  Many  satellite  data  products,  relating  to  rainfall  or  drough* ,  crop  coverage,  snowpack.  Ice 
coverage,  and  storm  movement.  ha>e  Immedate  application  to  the  activities  of  field  forces. 


future  of  the  Civil  Meteorological  Satellites 
; earners ial 1  tat  ion' ' 

At  the  present  time,  the  sale  of  the  civil  meteorological  satellites  to  the  private  sector  Is  under 
active  consideration.  One  of  the  conditions  of  this  sale.  If  it  Indeed  takes  place,  is  that  the 
Comnerclal  operator  mjst  show  how  the  national  security  contributions  of  the  civil  systems  will  be 
maintained  unimpaired.  This  stipulation  should  ensure  that  the  applications  of  the  present  civil  weather 
satellites  to  the  tactical  military  planner  described  in  this  paper  will  remain  available  for  the 
foreseeable  future. 


future  Systems 

A  recent  review  of  civil  needs  for  Improvements  In  future  NOAA  satellites  has  resulted  in  the 
proposed  changes  outlined  below  which  are  presently  being  sought  through  the  budget  process: 


&01S-Ne»t: 1? 

The  Improvements  sought  In  the  GOES  series,  to  be  launched  In  1990,  are: 


•  Separate  or  independent  Imaging  and  sounding  capabilities. 

•  Routine  (30  minutes  or  less)  Imaging  In  five  spectral  channels; 


CHAWNU 

SPECTRAL  BAND 

RESOLUTION 

1 

0.5S  -  0. IS 

1  km 

2 

3.80  -  4.00 

4  km 

3 

6. SO  -  7.00 

8  km 

4 

10.20  -  11.20 

4  km 

S 

11. SO  -  12.50 

4  km 

•  Improved  1R  Image  Resolution  from  8  km  to  *  km. 

•  A  separate  sounder  with  14  or  more  channels  similar  to  the  HIRS  sounder  on  the  polar  orblter. 

•  A  separate  WEFAX  transmitter  to  permit  full-time  WEFAx  broadcasts. 


NOAA-Next: 

The  planning  for  the  ne«t  NOAA-serles  spacecraft,  to  be  launched  In  1990,  Is  now  underway. Under 
consideration  are  the  following  components: 

•  A  ?0-channel  Advanced  Microwave  Sounding  Unft. 

•  Continuation  of  the: 

-  SEM, 

-  ARGOS, 

-  Search  and  Rescue  Mission, 

-  SBUV. 

•  Addition  of  a  4-channel  (visible)  Ocean  Color  Imager. 

•  Improvements  In  Direct  Broadcast  Services 

•  Improvements  In  the  AVHRR: 

-  Visible  calibration; 


-  Addition  of  one  or  more  channels  (e.g.,  1.6  urn  and  6.9  um); 

-  Improvements  In  spectral  response  of  at)  channels; 

•  Increased  resolution  of  the  visible  channels  to  500  m. 


Ne« t- Satel 1 i tes  and  DoD 

A  comparison  of  present  and  planned  specifications  shows  evolution,  rather  than  a  dramatic  change, 
tven  so.  the  changes  are  significant:  For  the  "Next"  polar  satellites,  a  shift  to  a  microwave  sounder  is 
expected.  IR  sounders  could  be  phased  out  after  a  period  of  overlap  operation  to  establish  the 
credibility  of  the  microwave  sensors.  No  comparable  movement  away  from  IR  sensors  is  seen  1  the 
f.OES-Next  requirements.  Rather  the  changes  are  for  an  improvement  in  special  resolution  for  visible  and 
IR  channels  (from  8  to  4  km),  and  for  more  rapid  soundings  capability.  Gains  in  sounders  will  result 
from  an  enhanced  capability  for  the  data  processing  system  to  find  holes  in  cloud  decks  through  which 
stratosphere-to-surface  IR  soundings  can  be  calculated.  Microwave  sounders  are  not  scheduled,  due  to  the 
cost  of  microwave  sounder  antennas  for  use  at  the  geostationary  distances.  The  most  probable  scenario 
for  NOAA  and  DoD  met  sat  operation  is  for  closer  cooperation  in  the  funding  for  development  of  both 
sensors  and  spacecraft  (frames,  power  supplies,  etc.). 

Thus  in  the  "Next"  decade,  we  see  improved  resolution  for  (mages  from  GOES  platforms,  and  improved 
radiance  values  for  all-weather  soundings  worldwide,  from  the  polar  platforms.  The  expected  result  of 
this  data  base  enlargement  is  Improved  shortrange  forecasts  in  the  Western  hemisphere,  and  more  accurate 
large-scale  (multi-day)  forecasts,  over  the  whole  Earth. 
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.Airing  Operation  '^rrornfp  the  United  Kingdom  faced  the  task  of  making  opposed 
landings  or.  Couth  ueorgin  and  the  Falkland  Islands  ‘,000  miles  from  the  home  rvise  in  the 
aivnr.cmr  southern  winter.  SSeteoro  logical  and  oresnopranhic  support  of  a  high  standard 
war-  provided  throughout  the  conflict  because  of  the  availability  of  data  from  orniting 
v!k'A.‘.-f  and  NCAA-7)  nn-1  geostationary  (  *Cr.o-.-.  and  Mi.T.-jGUJAT)  weather  satellites* 

The  Meteorological  Office  1c>-level  global  atmosnhere  numerical  model  war,  brought 
into  routine  use  to  cover  the  limit h  Atlantic,  four  months  ahead  of  schedule,  .^stellite 
temperature  soundings  (UAThKn)  from  the  Tiros  Cnerational  Vertical  .Sounder  n  il'CVo)  or, 
NUAA-6  and  NCAA-7  provided  essential  data  for  the  numerical  model.  Under  a  special 
arrangement  with  the  United  states  at  a  later  stage  in  the  conflict  successive  NLAA-t 
and  NCAA-'7  Advanced  High  .Resolution  Infra-Hed  (AVH HA  13)  posses  over  the  Jouth  Atlantic 
and  oouth  America  were  combined  into  composite  pictures  and  the  data  was  transmitted  to 
the  United  Kingdom.  The  composites  were  used  to  select  areas  of  special  interest  which 
were  ther.  examined  at  un  to  full  resolution.  Processed  data  included  nulti-spectral 
colour  images  and  sea  surface  temperature  profiles  which  were  invaluable  in  oositiomng 
units  of  the  Tabk  Force  to  take  maximum  advantage  of  oce« nographic,  «e«  fog  or  cloud 
conditions.  Jome  of  the  ships  were  equipped  with  automatic  Picture  Transmission  (AKT) 
receotion  facilities  and  the  meteorological  unit  supporting  the  soya]  Air  rorce  on 
Ascension  Island  wan  equipped  both  with  orbiting  and  geostationary  rwitellite  APT 
reception. 


Following  the  occupation  of  the  Falkland  Inlands  and  .South  Georgia  by  Argentina  on  ?  April  IV,7  the 
United  Kingdom  faced  the  formidable  tank  of  recovering  its  sovereign  territory  4 tfklO  miles  from  the  borne 
rwise  in  the  face  of  the  advancing  southern  winter.  Weather  and  oceanographic  conditions  proved  to  be  major 
considerations  in  military  decision-making  at  #*very  level  of  command.  There  was  a  heavy  demand  rnr  iet  ailed, 
climatological  advice  and  for  forecasts  on  timescales  from  three  hours  or  leas  to  three  days  or  more  areal. 
As  was  to  be  expected,  Argentina  suppressed  meteorological  data  from  her  military  airfields  and  there  were 
no  observations  from  oouth  -ieorgin  or  the  Falkland  Islands.  There  wag  little  data  available  from  ships  in 
the  $outh  Atlantic,  apart  from  our  own  Task  Force.  Nevertheless,  meteorological  and  oceanocraphic  support 
of  a  high  standard  wan  provided  throughout  the  conflict  largely  because  of  the  availability  of  Pita  from 
orbiting  (NCAA-7)  and  geostationary  (QC&l-fc  and  Kr.TJOSAT)  weather  satellites. 

It  wan  recognised  from  the  beginning  that  forecasting  for  military  operations  in  the  ^outh  Atlantic 
would  nrove  very  difficult  in  the  absence  of  reliable  computer  forecasts  for  the  southern  hemisphere  from 
our  own  .sources*  .iefore  the  crisis  arose  the  numerical  forecasting  model  then  under  development  in  the 
Meteorological  Office  at  dracknell  was  caoable  of  producing  forecasts  only  down  to  Y)°3.  However,  the  data 
assimilation  was  being  performed  globally  and  a  basis  was  therefore  available  for  the  preparation  of  global 
numerical  forecasts,  with  particular  emphasis  on  -South  America  and  the  oouth  .ttlantic*  «  great  leal  of 
computer  programming  over  the  weekend  following  the  Argentinian  invasion  resulted  in  the  availability 
throughout  the  conflict  of  routine  twice-daily  computer  forecasts  for  the  Jouth  Atltntic,  verifying  up  to 
three  days  onead.  Few  adjustments  to  the  forecast  model  were  subsequently  needed  and  it  proved  to  »e  no 
well  constructed  that  little  use  was  mode  of  global  forecast  products  from  the  United  States  which  were 
made  available  to  the  United  Kingdom  meteorologists  and  oceanographers  later  in  the  conflict.  That  oack-up 
support  was,  nevertheless,  highly  valued  and  much  appreciated.  The  only  significant  failure  in  the  ability 
of  rtracknell  to  provide  routine  numerical  products  resulted  from  a  computer  overheat  whicn  was  traced  to  a 
cooling  water  problem. 

faven  in  normal  times  little  conventional  surface  or  upper-air  data  in  available  from  the  Jouth  Atlantic 
and  the  computer  data  assimilation  programme  depends  heavily  on  satellite  temperature  soundings  (oATh.;*) 
from  the  polar-orbiting  NOAA-7  serion  of  satellites.  A  comparison  of  the  maximum  possible  coverage  of 
radiosonde  data  from  the  Southern  Hemisphere  (figure  1),  which  in  practice  is  never  achieved,  with  the 
coverage  of  actual  liATEN  data  received  over  a  nix-hour  period  three  hours  either  side  of  1.?O0  vitfT  on 
April  19^?  ( figure  ?),  taken  from  the  World  Meteorological  Organisation  (WHO)  Global  Telecommunications 
System  (UTS),  shown  how  significant  SATEH  data  is  to  the  data  input  for  computer  analyses  and  forecasts 
over  the  data-soarse  South  Atlantic*  The  example  is  fully  representative  of  the  routine  coverage  of  SaTJ^M 
data  available  to  Bracknell  throughout  the  Falklands  conflict* 


?i : 


’\;s  an  example  of  the  quality  of  the  dncknell  computer  prodwctfi  produced  by  the  numerical  model  which 
*r\t\  still  under  development  .it  the  time,  the  J4-nnur  numerical  forecast  verifying  at  1<?00  iitfi'  on  S\)  April 
i  *V  l figure  *>)  shot* Id  t)e  mrnpared  with  the  Analysis  for  the  same  time  (figure  4).  Successi ve  numerical 
fnrrr-int.u,  rut.  with  new  data  :»t  V-hour  intervals,  indicated  that  a  .abort  spell  of  lens  disturbed  weather 
would  affect  Louth  Georgia  on  /'»  April  an  a  surface  ridge  of  high  pressure  between  two  fast-moving 
depressions  moved  quickly  eastwards  across  the  island.  Louth  Georgia  wan  recaptured  on  «?h  April 

Apart  from  .>,»T.*.K.j,  composite  high-renolut .ion  infra-red  pictures  compiled  f  rom  successive  passes  of 
At.  AA-’’  were  available  to  the  meteorologists  an  1  oceanographers  in  the  United  Kingdom  within  about  six  hours 
of  the  time  of  the  centra)  pans.  The  techniques  for  prenenting  the  satellite  data  for  environmental 
f  Tec  *st i ng,  developed  at  the  <oyal  aircraft  :.tabl  ishment  at  rsrnborough  in  the  United  Kingdom,  are 
len.Tibed  nv  Loige  and  doxwe’l  in  the  next  on-  .entation.  The  main  application  of  the  infra-red  composite 
Pictures  wan  in  oceanographic  forecasting  which  will  he  described  by  my  colleague  Captain  John  Karan, 
iowevrr,  the  matching  of  composite  satellite  sequences  with  successive  weather  charts  by  the  meteorologists 
ir  the  ‘  nite.i  singdom,  oot‘.  at  dracKnell  and  at  Northwood,  focussed  attention  on  the  rani  1  varianility  of 
•he  w*»  *?  her  over  the  ooutr,  Atlantic  which  was  :>eing  experienced  it  first  hand  by  their  colleagues  embarked 
wit*:  u?  it*,  of  the  .'ask  Force  and  by  the  Task  Force  commanders. 

Vo**  i-  'Tirlex  ir  i  rami  ievclonment  of  weather  in  the  Louth  Atlantic  is  illustrated  by  first  comparing 
the  surface  analysis  for  V  jMT  on  ’’  June  (figure  '.)  with  t  \e  analysis  for  1°00  TKT  on  0  June  Via? 

(figure  (• '  ,  -hen  yci  will  .see  that  a  depression  move!  from  Jape  Horn  to  a  position  south  of  the  Falkland 
Inlands.  comparison  *'f  the  composite  lwJ.»A-n  infra-red  satellite  pictures  onlv  fourteen  hours  apart  at 
central  rvi?.*:  ♦  i  men  of  '(t>(  .i.VT  and  (iffT  on  °  June  >  rft?  (figures  7  and  *  >  shown  how  rapid  was  the 

jeve’,op-er.t  of  the  associated  cl r.ud  systems.  The  earlier  composite  shows  the  marked  drying  effect  of  the 
southern  «nie;.  ^r  the  westerly  airstream  throughout  7  June.  The  later  composite  shows  the  almost  explosive 
?ev«  oomer-.t  *'f  l>ud  ard  associated  weather  in  the  halklands  area  during  0  June  as  the  previously  westerly 
flow  a.-roh.h  t'e  A"des  is  replaced  by  a  southwesterly  over  Jape  iorr.  af  \  the  open  ocean  between  the  Jape  and 
t  *.<*  >’■»  1  <  lard  I  '.-lards,  bringing  a  plentiful  supply  of  moisture  into  the  circulation  of  the  depression.  I  he 
effort  ,-vf  or  >grnp‘ y  is  well  illustrated  oy  contvirir.p'  the  earlier  surface  pressure  analysis  (figure  c.)  with 
the  earlier  rrtwxrcjp  satellite  picture  (figure  ?)  and  the  later  surface  analysis  figure  f»)  with  t  ne  later 
-'T-'st  t  e  r.a  t  «•  1 1  1 1  e  Picture  (figure  °). 

,/o‘ailel  forecasts  for  long  range  reconnaissance ,  supply  and  attack  fair  operations  flown  out  of 
^sror.-  ion  Island  were  provided  by  a  military  meteorological  unit  on  the  island,  nar.ned  by  reserve  officers 
from  t  ne  Meteorological  Office  and  equipped  with  receivers  for  both  polar-orbiti  ng  and  freest  at  ionary 
weather  ,v» t e 1 1 1 1 e«  m  addition  to  radiofacmni le  ard  radioteleprinter  reception.  The  identification  of 
cloui-free  levels  and  areas  from  weather  satellite  visual  and  infra-red  pictures  was  and  remains,  with  the 
sirnnijre  to  trie  Falkland  Islands  still  in  operation,  a  major  consideration  ir.  the  planning  and  conduct  of 
•omplex  ir.-f  light  refuelling  operations.  The  mix  of  weather  and  oceanographic  forecast tng  essential  to  the 
i.ucresftful  conduct  of  operations  by  units  of  the?  Task  Force  in  the  vicinity  of  Louth  Georgia  ar.d  the 
p a  1  *  1  ■> nd  I « 1  a r.  \ s  will  be  described  by  my  colleague,  Captain  John  Marsh,  of  the  «oyal  Navy . . . 


I  s'.-  ult  first  introduce  an  unlovely  word  that  has  been  invented  oy  the  <oyal  ‘»avy  to  describe  people 
line  me  wnose  job  it  is  to  provide  meteorological  and  ocennograohic  support  -  I  am  a  KcTOC  Officer. 

Lpeci final ly ,  since  February  1  *>*•«?  I  have  beer,  the  Assistant  Chief  of  otaff  (Xc.T’OC)  to  Commander  in  Chief, 
fleet,  responsible  for  the  provision  of  KJ70C  support  of  Fleet  operations!  worldwide.  This  includes  tne 
support  of  submarines  as  well  as  surface  shins  and  the  oceanographic  support  needed  by  the  dAF’s  Maritime 
Fatrol  aircraft  ror  their  kii'4  operations,  iiupoort  is  provided  by  the  Fleet  KuT'tKJ  Centre  at  the  ClNCs 
Headquarters  at  Northwood,  near  London,  work i nr  ir.  harness  where  appropriate  with  the  small  FuTOC  teams 
•hat  are  embarked  permanently  in  some  ships. 


/•N  long  ago  as  Vl(>9  the  Royal  Iwivy  identified  the  requirement  for  ships  with  embarked  MuTCXJ  teams  to 
have  terminals  to  allow  direct  read  out  of  imagery  from  the  polar-orbiting  weather  satellites.  Procurement, 
however,  was  hit  oy  successive  cuts  in  fun  ting  so  that  at  the  outset  of  Operation  CUkPC<AT£  only  three  ships 
were  so  fitted  all  of  which,  as  it  happens,  were  closely  involved.  Cn  the  scene  at  the  outset  was  the  Ice 
Patrol  ship,  WKL  i.NL'..<*N(;fc;  with  the  Tank  Group  were  the  two  cirrie-a  U-j  !;,VK.*>J  and  :I»J>  I  .WINGI  dLc.. 
Altr.ough  relatively  limited  in  toeir  capability  these  three  sets  were  to  provide  invaluable  Apr  imagery  to 
assist  the  Cn-Ccere  Commanders  in  tactical  decision  making.  Today  I  am  happy  to  be  aole  to  tell  you  that 
procurement  of  ^?  new  terminals  of  a  much  improved  capability  is  well  advanced  and  that  nrosoects  for  a 

further  buy  are  looking  eood.  Cther  ships  involved  which  had  embarked  >:*,YOC  teams  but  no  satellite 

terminal  were  UiTtuPU,  r',-. ,  WlofOL,  m'wUM,  •iLw*.‘*50.<  m.'i,  d«tU  •*.>.>  *C-<  J  and  d.TTLf.AAt.. 

The  Fleet  M.JTCXJ  Jentre  relied  on  3  «ain  sourcen  of  data; 

a.  The  analyses  and  forecast  sea  level  pressure  charts  produced  by  the  Irarknell  computer. 

t>.  Weather  renortr.  from  operational  units. 


c.  The  digital  lata  stream  from  NCA«-?  nroc eased  by  Aixl.  Fa rn borough  using  teenniquea  described  oy 
Lodge  and  doxwel 1  in  the  next  nresentat ion. 


Using  all  its  sources  of  data  the  Fleet  HLTQC  Centre  produced  ^4,  4.“.  and  7 2  hour  forecast  surface  weather 
chartn  used  to  onef  decision-makers  in  the  UK  at  fleet  Headquarters  and  in  the  Ministry  of  Jefence  and 
sent  to  the  MhTCXJ  tesms  with  the  Tank  Force  to  be  the  baain  for  their  medium  range  forecasts.  4 ith  hind¬ 
sight  it  is  clear  that  to  attempt  7?  hours  was  over-ambitious. 

A.,W  Ops  were  carried  out  by  ships,  heloa  and  submarines  searching  for  the  2  quiet  diesel  Submarines 
in  the  Argentine  OR  UT  which  could,  hypothetically,  have  posed  a  threat  to  the  Task  Group.  Compared  with 
the  North  Atlantic  there  was  a  very  high  reverberation  level  caused  by  the  teeming  marine  life  -  to  quote 
one  MLTCXJ  officer  on  the  nnot,  "the  aea  was  like  soup".  Against  a  high  level  of  background  noise  detection 


A 


.M  t 


I  i '  m  t  ;>e  low,  err*'  j  r.  t.  »**  area  toe  Fr.Ti/1  t.  eon-:  relief  or.  t  '.pit  own 

f  t  ■;«*  :>»■  i m«r  y  on ir*'*»  -*f  o^rii'hK  lata  hut  on  t  ae  Meet  H.aYv/,  'J opt  re 

i  *•  »?  }  *  r  irK  rppir*rn,  of  nark**!  V»r;7oMa]  ,»ra  J  i  ••rt-f*  of  .,a:j  surface 

i’n  ‘writ*.  w**r»*  To  prove  »>f  intiurtTri'-**  lor  weather  forecast  i  rip  an  w«»  1 


■*-*.  *.»•,  1. 1  «»-«■•  t  •.  •  r  «•*  :>**n  •*?■'<>  I  •  >  y  t ’.«*  my  «  1  ,\.avy  i  r.  Wwnf  i'>r;  e,  Vt*  ,  t.  wan  .a  j  *rr«i  f  i  car. 1 1  y 

*r  —  T  ••  ;  T  ••,«*  1  »r  it  <•'  «i*»y  ,  ir,  1  «i  r*f«*  1  v  1  1  of,  -  r  v/»t  i  -  .at  1  nrt  .it.  .’in  ley  and 

•.*,  *  •  i  t  ;  i  j.  w’ik  ’i  n’.'it  i-  ♦.  *  i  T •'**.- lay  •••riol  ♦  ■.»*  arrival  'if  tn*>  i'ann  iroup  fir<*  of 

/•  *  ‘.i  t  ;  t  wi-  * :  ■  *1  much  >'  ".  i  I  !><»«•(.  ♦  r»  1 ,  •  ;  *  r.  .jfii  »t  ,t  *.  -,r  oiKher  for  *■ 1  *  'if  t r.e 

••  *  •*  co.  j.  ji.-i  -f  -  f  for  or  i  o?  ;-*w  «*iiirK  wa*  ir  orl»*r  •  f  w»  irr.it  u  |e  than  hal 

tj.r.  wt-.  i*  f«.>*  for  n*»  less  t  vi  i  i '  of  to..  ?»"»■,  i'r  lor.i  wr.!  r  nara-*teri  ot  ic 

lit;-  wit  *,  which  f  wniti.cr  ch.irv*‘1  fr<»"  f.ii'  *  f  an)  .h'-k  a^airi,  fh«*  KnTC  1  teams 
.'cc  .tr»t  ►-.»*{  t  >•>  »  he  1  j-it  of  fiPir  c.-rwi'ii  i  it  /  to  meet  to*-  •  or.M  ir.t  -I  emend  for  short -term 
;*  .;;i(i;-*  'f  ■••-ri«*r  and  he  I  n  riper  at ton.:,  ,fc  nr’  j -s  ♦ ,  r,  i  m  i  r  r  it  ha  )  to  lard  on  a  carrier 

•«  1  o  t  **  i  ■“  k  »  I--  !•  r«Trtjit  correctly.  Forecast  i J  ok  at  -••<*•«  r«*  ;■**  :***'■  •  *  f/-«  1  e  if**»  of  tnf  local 

•f  .*.♦»•«  ■.  irffiri*  tpr;ic!  « !  ure  -  V\J  raft  me«n  t  v  1 ;  f  f»*r#**  >  «*  i)»*Tw**pr  for  t.-l  K'V*  1  vimrulxty, 

i  »•»  w<T'»  aol#»  to  n.nl.l  ij-'  a  ■•cr.nrp  v**  .y.il'  r*K»rt  fr'«#"  t '•*»  t  »*  1  1  i  T  *•  t'>  M*»r.'J  to  trie 

i  *:  T  k.*»  ( ir '  ur»,  i"*.-'  f  ir.'il  ;v*iy-off  r  in**.  Almira  I  Aa  <L/  m.iv**!  !»,#»  line  of  aptroarh 

K  r  ii.-;*',  t  t  *.«•  »>r!ntii'>.jr:  *-«r.  iit.K  'tone  *  '  jjn  op  ri  le  •*  r>  j  t  it  ir  -nr  w;iT**r  to  irrr^ase 
1  J  omf,^  c  1  o;t kp‘1  (iv  fr.jt  or  i <iw  rl  ou.1, 

■ . .  k  *  ?  ‘  *•  r,..-.  /oon  ir,  to  nrolun*  mnyp;,  of  '.Mil  a  rear. ,  for  fi'ir  rorp'ioer,  at  Nortnwool 

-  i*  i.  j  oj  i«".  I,***.*-  'wi  r.i*  jeve  1  ontrer.t  over  a  ).'»r»*»*r  to.**'  '  i  i  -  ♦  t  *.o  Ka  1  a  ,  For  example, 

•  of  *  fr-r.Tal  c’/v.;  :  ■  y-.ton  clearing  toe  r  a 1  k  lari. Is  f  r  -m  t  ►,*.  **.-it  nurht  ihow  also 

i  ••  ,♦  To  —o.  v  i»  {.tr;T  fr«>r.  pri'i’i.t  ir/i  ar.J  wn-if-f  fef*r;e  t  r.r  wirihw  if  '■Irar  s-<  i  **f.  between  t  *je  two, 

«  •>.:  low  »•  «-.  j  tririK  a  mk*-  tiok  o r  ;nr  a*t.;»rk. 

t  ...01  i  (ti  t  *»'•  -•»  r;  J  irr.a  *e::  of  p',o.i1  rover,  l  nfornat  l  r»r.  atK'at  nw»-  ire  1*»rive-l  from  the 
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FIGURE  1 

MAXIMUM  COVERAGE  AVAILABLE  FROM 
SURFACE -LAUNCHED  RADIOSONDES 


FIGURE  2 

SATELLITE  TEMPERATURE  SOUNDINGS  (SATEMSj  FROM 
NOAA-6  AND  NOAA-7 

received  during  6  hours  ending  0300  GMT  on  24  APRIL  1982 
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COMPUTED  FORECAST  FOR  1200  GMT  25  APRIL  1982  (MSL  PRESSURE) 


FIGURE  4 

ANALYSIS  FOR  1200  GMT  25  APRIL  1982  (MSL  PRESSURE) 
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SUWURT 

Thia  paper  describes  the  techniques  dseeloped  during  and  sines  the  operation  to  recover  the  Falkland 
Inlands  using  image  processing  to  enhance  the  value  of  meteorological  satellite  images  for  environmental 
forecasting.  Data  were  used  from  METEOSAT,  OOES-K  and  NOAA  7  AVHRR.  Among  the  methods  adopted  were  the 
production  of  time-lapse  sequences  of  images  and  multi-temporal  colour  composites  for  the  analysis  of 
weather  system  dynamics,  multi -spectral  colour  composites  for  cloud  type  identification  and  radiance 
temperature  measurements  used  for  sea  surface  temperature  measurement,  ice  detection  and  fog  discrimina¬ 
tion.  Some  of  the  problems  encountered  are  described  and  how  they  were  overcome.  The  image  processing 
system  used  was  a  prototype  for  a  Satellite  Environmental  Data  Acquisition  System  about  to  enter  service 
with  CJNCFLEET  Weather  and  Oceanographic  Centre. 


1  INTRODUCTION 

During  Operation  Corporate  to  recover  the  Falkland  Islands,  the  primary  sources  of  data  for  oceano¬ 
graphic  and  meteorological  forecasting  in  the  South  Atlantic  were  meteorological  satellites.  This  paper 
describes  the  ways  that  data  were  received  and  presented  for  analysis.  The  paper  by  Harsh  and  Pothecary1 
describes  the  subsequent  applications.  Before  the  period  in  question,  the  Royal  Aircraft  Establishment 
(HAE)  was  already  working  on  advanced  techniques  of  image  analysis  and  display.  It  also  operated  a 
meteorological  satellite  receiving  station,  KAE  Laaham  in  Hampshire,  for  which  the  UK  Heteorological  Office 
was  the  primary  user.  The  association  of  these  two  aspects  of  the  work  of  the  Remote  Sensing  Division  of 
Space  and  New  Concepts  Department  had  already  led  to  the  formulation  of  a  Royal  Navy  requirement  for  an 
image  processing  system  for  operational  use  at  CINCFUEBT  Weather  and  Oceanographic  Centre  to  be  linked 
directly  to  Laaham.  This  system  is  the  Satellite  Environmental  Data  Acquisition  System  (SEDAS),  The 
accelerated  development  and  operational  use  of  the  prototype  system  during  Operation  Corporate  confirmed 
the  integrity  of  the  concept  and  provided  an  invaluable  interchange  of  ideas,  requirements  and  experience. 

This  paper  describes  only  techniques  to  aid  the  analysis  of  images  from  satellites.  These  images 
are  formed  by  detecting  reflected  visible  and  near- inf rared  sunlight  and  thermally  emitted  infrared 
radiation.  Current  meteorological  satellites  also  carry  other  sensors  of  undoubted  worth,  but  their 
analysis,  processing  or  use  are  outside  the  context  of  this  paper. 

2  SOURCES  OF  DATA 

RAE  laaham  routinely  receives  data  from  three  satellite  systems.  These  are  the  polar  orbiting  NOAA 
series  and  the  geostationary  KETB06AT  operated  by  the  European  Space  Agency  (ESA)  and  OOES-K  operated  by 
the  US  National  Oceanic  and  Atmospheric  Adnlnistratioa  (NOAA)  .  These  are  also  the  three  systems  used 
over  the  South  Atlantic.  The  shift  in  geographical  emphasis  from  normal  operations  in  the  northern  hemi¬ 
sphere  posed  no  problems  with  regard  to  reception  of  the  geostationary  satellites,  since  they  view  an 
unchanging  near-hemisphere  of  the  Earth,  all  of  which  is  available  to  any  ground  station  within  their 
reception  cone.  Thus  Imshsm  was  able  to  meet  the  changed  needs  in  their  case.  This  was  not  so  with 
regard  to  the  polar  orbiters.  In  effect  due  to  problems  on  board  NOAA  6,  NOAA  7  was  the  only  useful 
source  of  data  in  this  set.  Data  from  the  South  Atlantic  from  NOAA  7  could  not  be  received  at  Laaham 
since  the  satellite  was  not  in  view  of  the  receiving  aerial  and  no  alternative  receiving  station  in  the 
region  was  available  to  the  UK.  The  satellite  has  the  capability  to  record  data  on  board  for  subsequent 
replay  over  a  ground  station.  However  the  operational  needs  of  the  satellite  precluded  replay  over  Lsshan 
even  had  tha  station  been  reconfigured  and  modified  to  receive  the  signal. 

The  most  straightforward  satellite  data  to  process  and  display  were  those  from  METO06AT.  Two  data 
streams  were  available  at  laaham.  Each  involved  the  transmission  of  the  raw  satellite  data  to  the 
European  Operations  Control  Centre  at  Darmstadt  in  Germany  for  processing  and  subsequent  dissemination  to 
user  ground  stations  back  through  METEOSAT  used  as  a  transponder.  The  secondary  data  use  system  (SOUS) 
•tress  is  an  analogue  system  compatible  with  weather  facsimile  (WAX)  low  resolution,  low  data  rate 
facsimile  picture  data  distribution.  For  the  applications  of  interest  here,  primary  data  user  system 
(KWS)  data  were  used.  This  has  s  higher  data  rate  of  166  kb/s  but  provides  access  to  all  three  eenaor 
channels  at  the  best  possible  spatial  resolution.  The  channels  are  sensitive  to  reflected  sunlight 
between  O.h  and  1.1  un  which  has  a  resolution  of  2.5  ka  at  nadir,  to  thermally  emitted  infrared  from  10.5 
to  12.5  urn  with  a  spatial  resolution  of  5  ka  at  nadir  and  a  water  vapour  emission  band  extending  fron 
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to  7.t  of.  also  »ith  a  spatial  resolution  of  5  K»  at  nadir.  METBuSAT  acana  a  near-hemisphere  of  the 
Earth  oner  a[ pro* inata ly  «#rj  V)  minutes.  The  centre  of  tha  acana  is  tha  equator  at  0  longitude. 

rha  aanaor  on  Gom-E  haa  two  spectral  channels.  One  extends  froa  0.55  to  0.7  pa  with  a  spatial 
resolution  of  0.8  km  in  principle  at  nadir.  Tha  othar  axtanda  froa  10.3  to  Id*. 6  ;ja  with  a  apatial  reeolu- 
tion  of  h.4  ka  at  nadir.  It  takaa  18.2  minutes  for  tha  aanaora  to  acan  ona  quarter  of  tha  Earth'e  disc. 
i>OES-E  is  in  orhit  above  75°W  longitude,  froa  lashaa  it  is  visible  only  1.3°  above  the  horizon.  Tha  long 
atmospheric  recaption  path  restricts  data  reception  to  the  WQ'AX  analogue  transmission.  Before  GOES 
images  rould  be  displayed  it  was  necessary  for  them  to  be  digitised  into  a  computer  compatible  format, 
facilities  to  do  this  did  not  exist  in  tha  early  stages  of  the  operation.  Instead  tha  analogue  data  were 
transmitted  by  telephone  line  to  the  Meteorological  Office  who  were  able  to  digitise  tha  data.  Another 
car  courier  service  brought  the  subsequent  tapes  to  Farnborough. 

The  Ni'AA  ?  sensor  used  is  the  advanced  vary  high  raaolution  radiometer  (AVHRR).  The  spectral  bands 
are  band  1  from  0.68  to  0.t'8  band  P  from  0.725  to  1.1  ym;  band  3  from  3*65  to  3.93  u*i  band  4  from 

10. 1  to  t'.t  , ; a ;  band  S  from  n.5  to  1 7.1  ua.  Tha  apatial  resolution  in  each  case  is  about  1  km  at  nadir. 

Ihe  band  *  signal  has  suffered  a  progressiva  deterioration  end  during  Operation  Corporate  was  too  noisy  to 
be  of  better  than  limited  use. 

3  THE  1MA..E  PROCESSING  SYSTQI 

llie  linage  display  and  processing  system  used  to  present  the  satellite  images  is  called  GEMS .  This 
consists  of  a  hardware  image  handling  system,  a  host  computer  and  the  image  processing  software.  The 
system  configuration  is  shown  in  figure  l.  The  GEMS  hardware  waa  developed  to  an  HA£  specification  by 
Computer  Aided  Design  of  Cambridge.  It  includes  an  image  store  which  is  a  1024  by  1024  element  array  where 

each  element  is  an  8  bit  number.  This  array  is  normally  divided  into  four  separate  5V  by  312  by  8  bit 

deep  image  planes  that  may  be  displayed  on  the  video  monitor.  There  are  in  addition  four  51?  by  312  by 
1  bit  deep  overlay  planes  that  can  be  used  to  present  graphics,  tsxt  or  highlights  on  the  image  display. 

The  image  display  is  under  the  immediate  control  of  a  F3JP- 1 1  computer  built  in  to  the  hardware.  The 
system  is  under  the  control  of  another  mini-computer.  During  Operation  Corporate  a  system  hosted  by  s 
Prime  730  was  used,  but  such  s  powerful  machine  is  not  necessary.  StDAS  uses  a  Prime  2 50  for  example. 

The  host  computer  performs  the  image  processing  and  controls  ths  transfer  of  data  from  tape  to  the  disc 
units  that  act  as  the  working  store  of  available  images  and  from  the  disc  into  the  system  for  processing 
and  display,  forking  practices  during  Operation  Corporate  required  a  very  large  working  store  and  two 
300  MB  disc  drives  were  used.  SU)AS  when  installed  with  CINCFLEET  will  be  able  to  perform  with  a  96  MB 
disc  drive  as  the  flow  of  data  in  and  its  analysis  will  be  more  uniform  throughout  the  day.  The  GQ4S 
software  called  Gemstone  was  written  st  RAE.  It  was  designed  to  allow  use  of  ths  system  without  detailed 
knowledge  of  how  it  works  or  any  familiarity  with  computer  operation.  The  computer  terminal  is  used  to 
load  the  aveileble  satellite  data  froa  tape  to  disc  and  then  call  up  Gemstone.  At  that  point  figure  2 
a) pears  on  the  video  monitor  and  control  transfers  to  a  simple  ergonomically  designed  control  panel.  A 
tracker  ball  moves  the  cursor  to  within  a  box  representing  the  intended  next  step  which  la  executed  by 
! passing  s  single  input  button.  When  this  is  done  to  select  mn  image,  the  display  changes  to  a  list  of 
the  images  available  on  the  disc.  Following  selection  of  one  using  the  tracker  ball  again  the  display 
changes  to  that  shown  in  figure  3«  The  next  step  is  to  copy  the  data  into  the  display  store.  In  all 
circumstances  the  cursor  defaults  to  the  moat  likely  next  step  unless  over-ridden  by  the  tracker  ball  and 
prompts  an  unfamiliar  operator  through  the  options.  Figure  3  apparently  shows  16  available  image  stores 
although  only  four  were  ascribed  to  the  GBtS  hardware.  The  12  making  up  the  difference  are  virtual  stores 
within  the  host  computer.  They  may  be  used  to  store  images  and  processing  can  be  performed  on  data  in 
the*  in  the  same  way  as  on  data  in  the  other  four.  However,  they  must  be  copied  into  one  of  the  four  GB1S 
hardware  atores  before  they  can  be  displayed.  The  display  is  restricted  to  51*?  by  51^  picture  elements  or 
pixels.  Most  images  are  much  larger.  Therefore  when  first  selected  a  subset  of  the  full  data  set  is 
copied  into  the  display  store  sampled  by  pixel  and  by  line  automatically  to  show  the  full  scene  on  the 
screen.  Processing  can  be  carried  out  on  the  full  scene  or  sub-scenes  nay  be  selected  for  closer  examina¬ 
tion  at  higher  resolution.  Processing  options  are  selected  by  the  same  method  of  using  the  tracker  ball 
to  identify  procedures  in  a  prompted  system  of  pages  of  menus.  The  selection  of  which  colour  gun  or  guns 
of  the  monitor  diaplmy  which  store  is  done  arbitrarily  from  tha  control  panel.  Similarly  tha  colour  or 
deletion  of  the  overlay  planea  can  be  chosen  at  will.  Hie  display  can  be  magnified  by  up  to  8  tines  froa 
the  control  panel  by  pixel  replication.  When  aagnified  in  this  way  the  full  size  of  the  video  screen, 
about  900  by  600  pixels,  is  used.  Hie  results  on  the  screen  can  be  preserved  by  dumping  the  scene  onto 
the  eyatea  disc,  by  recording  the  scene  on  Polaroid  colour  fila  using  a  Honeywell  device  which  incorporates 
its  own  enclosed  video  aonitor,  thereby  ensuring  consistent  results  and  removing  the  need  for  a  camera  to 
photograph  the  ecreen,  or  on  a  vidao  recorder. 

GBtS  ib  a  general  purpoae  iaage  processor.  This  paper  describes  work  using  meteorological  satellite 
images  for  specific  applications  as  required  during  Corporate  and  for  SEDAS.  Nevertheless  any  iaage  data 
presented  in  a  compatible  foraat  may  ba  analysed,  GEMS  is  used  routinely  at  RAE  for  Land mat  and  synthetic 
aperture  radar  work. 

4  PRESBtTATION  TECHNIQUES 

4.1  M*TS36AT 

MET8U6AT  scenes  were  readily  available  and  comparatively  easy  to  handle  because  the  necessary  special 
software  was  already  wall  under  development  at  tha  start  of  the  conflict.  Unfortunately  the  Falkland 
Islands  lie  on  the  western-most  extremity  of  tha  area  of  coverage  and  as  the  weather  development  came  from 
the  west  tha  usefulness  of  this  source  was  Halted.  However  it  waa  still  widely  used  and  had  particular 
application  in  the  earliest  phase  of  the  operation  an  route  to  Ascension  Island  and  when  the  links  to 
acquire  UC  data  were  still  being  established.  As  the  projection  and  viewpoint  of  MCTS06AT  images  does  not 
vary,  tha  superposition  of  geographical  coordinates  and  coastliaaa  was  relatively  straightforward. 

Figure  4  shows  a  full  scans  from  tha  thermal  infrared  channel  with  ths  geographical  information  in  tha 
overlay  planes.  To  iaprove  their  visibility  the  overlay  plmnaa  would  normally  he  coloured.  After  various 
experiments  blue  for  the  coastline  and  yellow  for  tha  grid  was  found  to  be  the  best  combination  for  visual 


inspect  ion  and  photographic  recording.  In  general  the  area  of  interest  was  leas  than  the  full  scene.  The 
standard  foraat  and  constant  projection  aade  It  possible  to  autoaate  the  selection  end  extraction  of 
specific  areas,  figure  3  shoes  the  standard  South  Atlantic  extract.  Autoaatlc  and  seal -au tons t 1 c 
selection  of  scenes  in  this  way  eas  of  iMenae  value  when  a  great  deal  of  data  had  to  be  analysed  rapidly 
to  meet  briefing  and  forecast  preparation  deadlines  reliably.  The  data  were  presented  in  three  different 
ways.  Tine  lapse  sequences  of  iaages  froa  the  theraal  infrared  channel  were  displayed.  Although 
apparently  restricted  to  s  as msua  of  four  display  planas,  in  fact  the  available  iaage  planes  in  GDIS 
were  further  subdivided  by  nodif ications  to  the  controlling  software.  By  storing  several  different  aub- 
iaages  in  each  iaage  plane  and  controlling  the  display  output  only  the  relevant  part  of  the  data  In  each 
plane  were  shown.  In  that  way  aany  acre  scenes  can  be  aade  available.  By  accepting  degradation  of  both 
spatial  resolution  and  dynaaic  range,  up  to  80  scenes  can  be  presented  as  a  sequence.  With  HETBOSAT  ap  to 
eight  scenes  were  noraally  used  corresponding  to  intervals  of  three  hours  or  s  daily  cycle.  These 
sequences  ellowed  the  dynaaic  behaviour  of  weather  systeaa  to  be  assessed  rapidly.  Features  could 
be  located  using  the  cursor  on  the  display  to  identify  a  point.  The  latitude  and  longitude  of  the  point 
would  then  appear  on  the  coaputer  terainal  visual  display  unit  (VDU).  Distance  could  be  aeaau red  in  the 
saae  way  to  aeasure  the  speed  st  which  weather  systeaa  were  aoving.  Sequences  were  recorded  on  video 
tape  for  subsequent  deaonstration  and  confiraation  of  analyses  at  CINCFLEETWOC  but  the  priaary  purpose 
for  this  technique  was  for  rapid  assesaaent  by  the  duty  naval  officer  on  his  daily  shift  at  Farnborough. 

The  second  aethod  for  the  display  of  HETBOSAT  data  was  developed  as  a  aeans  of  providing  a  seaaureaenl  of 
cloud  soveaent  that  could  be  prepared  by  a  meteorologically  untrained  observer  and  sent  as  a  hard  copy 
photographic  print  for  analyses.  It  was  little  used  during  Corporate  but  has  aroused  interest  since. 

Two  successive  MfcTEOSAT  images  are  displayed  simultaneously  on  the  colour  video  aonitor.  One,  say  the 
earlier  example,  used  the  blue  and  green  guns  of  the  aonitor,  the  later  the  red  gun.  Areas  where  cloud 
is  coaaon  to  both  appear  white.  Areas  which  were  cloudy  on  the  earlier  scene  but  not  later  appear  blue- 
green.  Areas  where  cloud  has  developed  during  the  interval  show  red.  This  technique,  like  the  tiae 
lapse  sequences,  uses  the  theraal  infrared  data.  The  third  aethod  of  presentation  coabined  the  visible 
and  infrared  channels  into  a  colour  coaposite.  By  experiment  contrast  stretches  were  defined  which  could 
be  applied  to  the  separate  channels  with  the  result  that  different  cloud  types  and  heights  appeared  as 
different  colour  shades,  by  this  technique  as  in  the  second  case,  hard  copy  infornation  could  be  and  was 
prepared  by  non-forecasters  and  sent  by  courier  to  C1NCFLEEIV0C.  Little  use  was  aade  of  the  GDIS  for 
display  of  the  HETBOSAT  water  vapour  channel. 

A.  2  GOES 

The  GOES  coverage  zone  was  ideal  for  exaaining  the  weather  expected  in  the  South  Atlantic.  It  was 
frustrating  therefore  that  only  low  quality  facsiaile  data  were  available.  Nevertheless  they  proved  very 
valuable.  As  mentioned  in  Section  2,  the  GOES  sensor  produces  separate  iaages  corresponding  to  quarters 
of  the  full  disc  of  the  Earth.  Extracts  froa  the  southern  hemisphere  were  taken  showing  the  area  of 
interest  m  two  scales.  At  first  the  asaeably  of  these  sub-scenes  into  a  mosaic  had  to  be  done  annually, 
but  later  an  automated  technique  was  developed.  Sons  aonitoring  and  intervention  had  to  be  retained  in 
thin  procedure  as  the  GOES  data  were  prone  to  corruption.  Geographical  overlays  were  prepared  as  for 
HETBOSAT.  The  aajor  problea  with  GOES  scenes  was  interferenca  froa  another  experlaent  on  board  the 
satellite.  This  waa  present  for  about  16  hours  s  day.  It  was  aanifest  as  bright  lines  across  the  iaage. 
Figure  6  shows  the  standard  GOES  pair  of  aoaaice  with  this  interference  present.  A  filtering  technique 
was  developed  whereby  six?  pixel  box  was  passed  over  the  iaage.  The  relative  brightness  of  tbs  pixels 
in  the  box  was  exaained  in  each  position.  If  the  values  of  the  extreae  pixels  exceeded  that  of  the  middle 
pixel  by  greater  than  a  given  threshold,  the  value  of  the  Biddle  pixel  was  replaced  by  the  aean  of  the 
extreaities.  The  threahold  level  could  be  selected  by  the  operator  but  a  standard  default  value  of  21  grey 
scale  levels  was  found  to  be  adequate.  This  technique  called  linefix  vastly  improved  the  interpretability 
of  the  images.  Figure  7  shows  the  saae  scene  as  figure  6  after  linefix.  Eventually  the  coagulation  of 
the  mosaics,  the  application  of  linefix  and  asaeably  of  the  results  into  a  tiae  lapse  sequence  was  reduced 
from  a  series  of  separate  aanual  tasks  to  an  automated  procedure.  Seven  iaages  were  assembled  into  a 
sequence  for  each  day.  They  represented  intervals  of  3  hours  except  that  GOES  does  not  tranaait  data  at 
0300.  As  for  HETBOSAT,  the  time  lapse  sequences  were  recorded  on  video  tape  for  subsequent  further  review 
st  CIHCFLEETWOC. 

A.  3  NOAA  AVHRK 

Standardised  techniques  to  deal  with  HETBOSAT  and  GOES  data  were  gsnerated  quite  early.  The  appli¬ 
cation  of  AVHkit  data  however  grew  throughout  Operation  Corporate  and  has  continued  to  grow  since.  There 
were  two  initial  uses.  The  first  was  to  prepare  colour  coapoaites  using  bands  1,  2  and  A  for  daytlas 
passes  or  3,  A  and  3  st  night  of  the  full  UtC  scenes  for  aeteorological  analysis.  The  second  waa  to  use 
bands  3,  A  and  3  for  sea  surface  temperature  analysis.  Between  2  and  A  scenes  were  received  each  day 
froa  NOAA  7  of  the  general  area.  All  were  valuable  for  aeteorological  analysis.  Following  visual 
inspection  of  all  bands  by  the  duty  forecaster,  the  colour  composites  were  product!.  These  were  contrast 
stretched  using  a  standard  transfer  function  that  produced  consistent  and  reproducible  results  for  the 
distinguishing  of  cloud  types  and  heights,  fhotographic  hard  copies  were  produced  for  CINCFLEET,  the 
Meteorological  Office  and  other  Ministry  of  Defence  users.  Geographical  coordinates  and  coastlines  were 
overlaid  on  the  AVHKR  scent  >.  Figure  8  shows  the  area  covered  by  a  full  scene  with  this  information 
added.  Unlike  the  iaages  froa  tbs  geostationary  satellites,  the  AVHXS  images  have  a  different  projection 
froa  pass  to  pass.  To  transform  the  iaage  to  a  standard  cartographic  projection  would  be  very  expensive 
in  terns  of  computer  tiae  and  for  these  applications  quite  unnecessary.  Instead  the  orbital  infornation 
and  sensor  characteristics  are  stored  and  then  by  using  the  time  infornation  included  in  each  AVHRfi  line 
of  iaage  data  to  define  the  start  of  the  scene,  used  to  transform  and  redraw  a  stored  world  map  to  the 
particular  projection  of  each  image.  As  the  amount  of  data  in  the  map  is  very  much  less  than  in  an  iaage, 
this  transformation  takes  only  a  Tew  seconds.  The  intervals  in  the  geographical  grid  any  be  selected  by 
the  operator  as  appropriate  for  the  area  under  analysis.  If  four  NOAA  ,  'sees  were  received  for  one  day , 
two  would  usually  be  of  areas  to  the  west  of  Chile.  These  were  not  often  of  interest  for  sea  surface 
temperature  analysis  and  this  application  in  general  used  the  other  two  scenes  covering  the  South  Atlantic. 
Suitable  cloud  free  areas  were  Identified  using  the  full  scene.  One  is  marked  on  figure  8.  Data  from 
the  Infrared  channels  were  read  into  the  image  planes.  Banda  A  and  3  were  always  used.  Band  3  data  are 
only  useful  at  night  as  that  part  of  the  spectrum  is  contaminated  by  reflected  sunlight  during  the  day. 


#»nd  1  fdfl  use  mb  fluids  of  this  rhannel  ae  the  noise  problem  mentioned  in  Section  2  worsened.  However 
tend  *  dele  were  used  when  possible.  First  s  linear  contrast  stretch  waa  applied  to  each  band  used  to 
remove  the  cloud  and  land  detail  and  spread  the  range  of  grey  scales  correspond ing  to  the  sea  surface 
temperature  variation  across  the  whole  dynamic  range  of  the  video  monitor.  After  visual  inspection  of  the 
structure  of  the  variation  selected  temperature  measurement  were  made  at  points  determined  by  the  fore¬ 
caster  .  The  temperatures  wei e  derived  from  the  radiances  measured  by  the  sensor  using  a  standard  NOAA 
algorithm.  N-  correction  was  made  for  atmospheric  contamination.  As  the  primary  aim  was  to  identify 
variations  and  discontinuities  and  to  quantify  the  relative  change  across  thermal  boundaries,  this  correc¬ 
tion  was  not  considered  to  be  necessary.  Surface  observations  during  the  Operation  confirmed  this  assess¬ 
ment.  Points  at  which  the  temperature  was  measured  were  usually  identified  using  the  cursor  controlled  by 
the  tracker  ball.  An  indefinite  number  o,  such  points  could  be  designated.  The  latitude  and  longitude  of 
each  point  and  the  temperature  appeared  in  each  case  on  the  VDU.  In  addition  the  information  was  dumped 
to  a  file  pened  each  time  this  mode  of  operation  was  selected,  When  required  the  contents  of  the  file 
were  written  by  line  printer  to  provide  hard  copy  free  from  transcription  errors.  Variations  available  in 
the  temperature  measuring  mode  allowed  the  latitude  and  longitude  of  the  desired  point  to  be  designated, 
or  the  two  ends  of  a  line  could  be  defined  using  the  cursor  and  the  temperature  along  the  line  plotted  and 
displayed  on  the  VIM  .  Traces  corresponding  to  each  of  the  three  thermal  infrared  bands  could  be  displayed 
simultaneously.  This  technique  was  of  particular  use  where  band  3  data  were  available  as  variations 
between  the  bands  allowed  the  degree  of  atmospheric  water  vapour  contaminat ion  to  be  assessed.  Figure  9 
shows  a  contrast  stretched  single  band  with  a  line  marked  and  the  temperature  profile  along  it  shown. 

rhe  above  two  uses  were  those  foreseen  for  the  AVHRK  froa  the  outset.  Other  applications  developed. 
The  first  was  the  recognition  that  the  images  showed  ice  fields  very  clearly.  Estimating  the  position  of 
the  ice  edge  became  a  regular  procedure.  Colour  composites  using  visible  and  infrared  bands  were 
essential.  A  single  black  and  white  band  would  not  show  the  ice  with  any  clarity.  Composites  showed 
where  ice  was  developing  and  hence  could  provide  accurate  forecasts  of  where  the  ice  edge  would  grow.  The 
observation  of  the  ice  edge  permitted  the  recovery  of  South  Thule  to  proceed  in  mid-June  19&*  since  the 
AVHHfc  images  showed  the  area  to  be  unseasonably  free  of  ice.  From  observation  of  the  ice  field  the  next 
development  was  to  attempt  to  track  floating  ice.  This  met  with  limited  success  as  in  general  the  images 
received  were  not  sufficiently  cloud  free.  Nevertheless  icebergs  and  bergy  bits  were  identified  and  their 
position  established.  The  focus  of  attention  on  the  AVHRH  during  Operation  Corporate  has  led  to  further 
development.  One  subsequent  example  has  been  the  use  of  the  infrared  channels  to  identify  fog.  On  a 
single  band,  fog  and  cloud  are  virtually  indiat mguiahable  and  on  a  normal  colour  composite  fog  and  low 
cloud  cannot  be  reliably  separated.  Where  all  three  infrared  banda  are  available  it  is  possible  to 
distinguish  fog  from  other  effects.  The  technique  requires  each  band  to  be  transformed  to  radiance 
temperature.  When  displayed  on  the  monitor  the  temperature  corresponding  to  each  pixel  determines  tha 
gr^y  level  on  the  screen  if  a  single  band  modulates  all  three  colour  guns  to  produce  a  black  and  white 
image.  However,  each  band  is  used  to  modulate  just  one  colour  gun,  for  example  band  3  may  be  displayed  in 
red,  band  4  m  green  and  band  5  in  blue.  If  the  temperatures  measured  for  a  given  pixel  are  identical  for 
all  three  banda,  the  pixel  will  appear  as  s  grey  shade  on  the  screen.  If  there  is  s  significant  variation 
m  the  perceived  temperature  then  the  result  is  a  colour  cast  on  the  image.  The  normal  method  for  display 
relates  increasing  brightness  on  the  screen  to  decreasing  temperature,  or  for  a  single  band  image  black  is 
warm  and  white  is  cold.  Using  this  convention  and  the  allocation  of  bands  to  colours  described  above,  fog 
appears  as  an  area  of  dark  red.  That  indicates  that  band  3  measures  a  significantly  colder  temperature 
than  bands  4  and  5*  Clouds  however  appear  grey  to  white,  suggesting  that  the  measured  temperatures  are 
the  same  for  all  bands.  There  are  subtler  variations  that  indicate  areas  where  fog  is  beginning  or  likely 
to  develop.  The  interpretation  is  that  the  band  3  signal,  corresponding  to  the  shortest  infrared  wave¬ 
length,  must  arise  from  near  the  surface  of  the  fog  or  cloud  since  that  wavelength  cannot  penetrate  far 
through  suspended  water  droplets.  The  longer  wavelengths  providing  the  bands  4  and  5  signal  can  penetrate 
significantly  further  and  therefore  the  measured  temperature  is  integrated  over  a  longer  path  through  the 
suspension.  Clouds  have  essentially  a  uniform  temperature  and  therefore  this  effect  produces  little 
variation  in  the  perceived  radiance  temperatures.  Fog  on  tha  other  hand  has  typically  a  colder  outer 
shell  determined  perhaps  by  evaporative  cooling  enclosing  a  warmer  core.  Therefore  tha  band  3  signal 
will  raprasent  a  colder  measurement  than  bands  4  and  5*  The  other  variations  showing  areas  of  developing 
end  imminent  fog  may  be  explained  by  considering  the  relative  effects  of  water  vapour  concentrat ions  on 
the  different  bands  as  the  atmospheric  water  vapour  content  may  be  expected  to  show  significant  anomalies 
at  such  a  time. 

Further  uses  for  AVHRK  are  under  active  consideration  and  experiments  have  been  conducted  and  are 
planned  at  RA£  and  in  collaboration  with  other  organisations  to  quantify  the  accuracy  of  sea  surface 
temperature  measurement  a ,  to  account  for  atmospheric  contamination  and  to  use  the  images  in  studies  of 
bioluminescence  and  thermal  pollution  of  estuaries.  These  results  are  not  yet  ready  for  presentation  but 
underline  the  usefulness  of  this  versatile  sensor  when  applied  in  conjunction  with  sophisticated, flexible 
iaage  processing  techniques. 

3  DATA  DISSDUNATION 

The  rapid  transition  from  an  experimental  prototype  research  facility  to  an  operational  one  caused 
certain  logistical  problems.  The  satellite  ground  stations  at  Imsham  and  Oak hanger  are  about  13  km 
(H  miles)  apart.  Each  is  about  2k  km  05  miles)  from  Famborough.  CINCFUET  at  Morthwood  is  about  36  km 
(35  mllea)  and  the  Meteorological  Office  at  Bracknell  about  2k  km  (15  miles)  from  Famborough.  While 
insigni fieant  in  comparison  with  some  of  the  problems  faced  during  Operation  Corporate,  the  transfer  of  data 
mainly  by  courier  against  unyielding  timescales  was  a  major  cause  for  concern  throughout.  As  well  as  the 
analysis  using  GDIS,  GOES  and  METE06AT  images  were  transmitted  in  near  real-time  from  letshmm  to  CINCFLETIVOC 
over  telephone  lines  for  image  production  by  laserfax.  This  was  a  considerable  improvement  on  the  WEFAl 
products  otherwise  available. 

The  date  d laseminat ion  for  SEDAS  will  be  simplified  when  the  system  is  installed  at  CINCFLEETWOC 
since  there  will  be  no  need  for  naval  staff  to  travel  to  Famborough.  Data  will  be  transferred  from 
Imsham  by  tepe  to  tape  transfer  using  e  system  under  development  at  RAE  called  KETSA1TIET  which  will  use 
British  Telecom  Megastream  data  links  operating  at  up  to  1  Mb's.  METSAThJTT  will  include  links  with  the 
Meteorological  Office  and  Bracknell  and  ia  Intended  to  be  the  backbone  of  a  satellite  data  distribution 
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knvl  mnnvnta  1  data  derived  fr<xn  satellites  give  the  military' 
cirraniit'r  critical  Information  upon  which  to  haw  decisions.  Since 
the  alr-oc<>an  environment  can  sign!  f  leant  ly  alter  the  performance 
of  today's  t<*chnologlca  1  ly -advanced  weapons  and  sensors,  the  ntlltary 
cixrtmnder  rust  iiaw  access  to  all  factors  affecting  them.  The 
Satellite-data  Processing  And  Display  System  fSPADS)  at  the  Naval 
Kastern  Oceanography  On  ter  in  Norfolk,  Virginia  is  a  oxiputcr-hased 
system  which  produces  high  quality.  real-time  satellite  imagery  and 
data  with  which  to  assess  ret  eorolng  1  ca  1  and  oceanographic  condlltons 
SPADS  allows  the  tactical  analyst  to  receive  imagery  in  real-tine, 
pnx’css  and  display  It  and  interact  with  the  irage  to  raxlnlze 
extractbxi  of  relevant  data.  "The  systfxn  is  described  and  the  fol  hav¬ 
ing  case  examples  are  discussed  which  (k'ronstrate  the  eapahl  1  i  t  ies 
of  such  a  system  and  show  how  satellite  imagery  can  he  applied  to 
various  operational  situations: 

•  Knowb'dge  ahotit  the  (xTSItions  of  iri*»n  fronts  alerts 

it*'  corrander  to  potentially  degraded  acoustic  conditions 
and  can  increase  the  erploynent  efficiency  of  sonar 
systems 

•  locating  rajor  ocean  currents  and  relaled  mesoscale 
features  saws  time  and  money  while  Increasing  safety 
of  ships  rtxifed  1x1  major  ocean  transits 

•  The  ability  to  locate  ocean  frontal  features  and  forecast 
thetr  effect  upon  meteorological  conditions  results  in 
timely  notification  to  operating  units  of  actions  to 
avoid,  or  reduce  the  effect  of,  dangeriais  Weather 

•  Tlri'-serles  Sequences  of  (10KS  images  owr  the  South 
Atlantic  yielded  extremely  valuable  meteorological 
infornatlnn  In  this  data-sparse  region  during  the 
Falkland's  Crisis  in  the  spring  of  1982 

These  examples  underscore  the  value  of  data  from  satellite  imagery 
to  the  military  cixrnander  and  illustrate  the  requirement  that  a 
satellite  systtm  rxist  provide  timely,  high  quality  information 
within  the  cimander's  area  of  operations. 


Ttrfay's  military  cixmander  must  realize  and  understand  the  effects  that  the  environment  will 
taw  on  his  men,  ships,  aircraft  and  weapons,  if  he  is  going  to  maximize  his  combat  effect  1  veness. 

While  s<xm'  of  those  effects  ray  he  readily  apparent,  others  nay  a t fivt  him  In  ways  which  we  are 
only  beginning  to  understand.  Fven  the  oxrrander  who  can  ascertain  his  metwrologlcal  or  oceano¬ 
graphic  cvindl t lfxis ,  nay  often  find  this  Information  limited  to  his  Immediate  area  of  operations.  He 
nc*ds  the  capability  to  sample  the  envl ronnx'nt  beyond  his  local  area. 

A  cruise  missile  is  launched  and  before  It  is  beyond  the  visual  horizon  forces  nay  begin  to 
affect  it  wtilch  can  significantly  ctiange  Its  ballistic  trajectory.  Winds,  worsening  weather,  build¬ 
ing  seas  and  atmospheric  ducting  of  elect nxmgnetlc  energy  can  singly  or  collertiwly  work  to  alter 
targeting  or  sensing  capability  of  the  missile.  A  shipboard  corrander  nay  be  experiencing  incle¬ 
ment  weather  which  for  a  variety  of  reasons  degrades  the  ope rat  tonal  capability  of  his  ship,  while 
a  short  distance  away  wind  and  sea  conditions  are  noticeably  hetter. 

Satellite  Imagery  can  provide  valuable  Information  <*1  meteorological  and  oceanographic  condi¬ 
tions  in  and  near  an  area  of  operations. 

The  Naval  Fastem  Oceanography  renter  In  Norfolk  Is  one  of  the  many  environmental  centers 
within  the  li. S.  Navy  tasked  with  acquiring,  analyzing  and  forecasting  oceanographic  and  meteorologi¬ 
cal  condltlrxis  for  dissemination  to  national  and  NATO  military  activities.  While  many  activities  of 
the  Tenter  are  cosvrxi  to  other  oceanographic  or  weather  stations,  Norfolk  has  had  the  rather  unique 
(pportunlty  during  the  past  two  years  to  evaluate,  and  then  employ  In  operational  scenario*,  a 
conputer -based  satellite  analysis  system.  It  Is  called  SPAIB  which  stands  for  the  Satellite-data 
Processing  And  Display  -System.  SPADB  is  a  minicomputer-based  copnuter  systrta  capable  of  acqulrtrgt 
satellite  data,  processing  that  data  Into  a  satellite  Image  displaying  that  Image  on  a  cathode  ray 
tube,  and  *1  lowing  an  analyst  to  Interact  with  the  Image  to  maximize  data  extraction.  All  this  can 
be  done  on  a  real  Has  hast  a  -  in  some  cases  within  30  to  4h  minutes  from  commencement  of  scene 
scan  by  the  satellite.  At  the  Naval  Fas tern  Oceanography  Center  data  la  presently  acquired  for  the 
Ciuei-Rast  geosynchronous  satellite  and  the  polar  orbiting  NQAA  ?  and  NQAA  8.  Both  visual  and 
Infra-red  Imagery  la  available,  Figure  1  shows  a  picture  of  the  system. 
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Th**  ability  to  fiav»*  th**  analyst  interac  t  with  a  satolllto  image  Ik  a  dlstinrt  advantage  over 
using  a  harriropy  output  of  t ho  imago.  (Yvnputer  software  programs  In  SPAIN  al  hm  the  user  to  perform 
h  wide  rango  of  .ipi^rat  Inns  «m  the  sat olll to  Imago.  Soo  Figure  2.  Foretmst  among  these  operations  Is 
the  <apabilit>  to  do  variable*  **nhRnremr*nts  of  the  image*  over  a  wide*  range*  of  gray  shades  r>r  to  do 
"false*  i«nlnr"  enhancements  of  the*  Image*.  Thr*xigh  the*  use*  of  appniprlate*  enhancements  the  analyst 
«*n  highlight  those*  features  in  the*  limge*  which  aro  of  most  interest  to  him.  whether  th«*y  he*  of 
« w’oan* graphic  or  rv'tenrologlcal  sign!  f  leaner*. 

A 1 1  hotigh  the*  inr<«nlng  safe'll  ite*  data  is  received  In  the*  natural  e»arth  ceiordlnatos  plane*  by 
which  the*  satellite*  sense's  the*  underlying  e*arth  scene,  this  natural  projection  can  he*  conve*rte*d  by 
t  tee*  o*T^,ute*r  into  either  Mercator  or  iVilar  stenographic  projections  for  use  by  the*  analyst, 
recurrently,  the  image*  can  he*  navlgatent  and  a  geographic  fait  line*  and  latl  tudr*-longltud«*  grid  can 
b»*  super i r^iosed  the  image.  Manipulation  of  the  image  by  SPAIN  is  available*  much  like  other 
star  oof -the -art  image*  processing  systems.  The*se*  (Operations  include*  the  ability  to  magnify  a  certain 
portion  of  the*  image* ,  access  a  particular  picture  eleTv*nt  and  obtain  a  brightness  or  temperature 
residing,  mask  out  undesirerl  rl<*Ml  features  or  nlliw  the*  operator  to  Interact  with  the  image*  using  a 
gritfih  jie*n  and  tablet . 

The  graph  pen  and  tablet  provide  the  us«*r  with  a  powerful  tool  to  use  with  the  image,  Overlay 
plane’s  .  an  he  n*Kerv»*d  and  place*d  ovi*r  the  lragf*  and  the  operator  can  then  draw  or  olace  symbols  on 
the*  image.  The  overlay  planes  can  he*  stored  and  recalled  at  a  later  time  for  further  comparison  or 
for  adding  or  deleting  information  r>n  the  overlay  planes.  Those  r>verlay  planes  also  permit  the 
analyst  to  supe*rtmpo«e*  rreancgraphic  or  rr**teorol«og  1  fields  on  an  image  to  assist  in  the  inter- 
pretatp#)  of  observed  feature**. 

Another  valuable  feature  of  the  system  is  the  capability  to  copy  a  series  of  Images  and  then 
pla>  hack  this  series  in  a  tim'd  sequence  so  that  shifting  or  movement  of  features  of  Interest, 
mr>sf  notabl>  cleaids,  can  he  s**en.  This  has  proven  to  be  of  great  value  to  our  weather  fon*casters. 

Opera t  lfWial  ly ,  SPAIN  has  proven  to  be  an  extremely  fl«»xlhle  and  time -sensitive  system  for 
satellite  imagery  analysis. 

Four  caw*  examples  will  he  discussed  which  demonstrate  the  capabilities  of  such  a  system  and 
shf»  Ikw  satellite  imagery  can  he  applied  to  various  operational  situations. 

(*se  1 .  Satellite  imagery  and  particularly  that  lnagrry  sensing  in  the  infra-red  spectrum, 
can  he  uwd  To  identify  and  acciirat<*ly  locate  organic  fronts.  Figure  3  shows  an  infra-red  NOAA  7 
image  acquired  and  proc«*ssed  by  SPAIN.  The  image  has  not  been  enhanced  by  SPAIN  and  contains  the 
full  range  of  gray  shades.  Not  much  can  he  seen  in  the  irmge,  unless  one  is  familiar  with  the  area , 
tn  which  case  the  Chesapeake  Bay,  the  .Jerse>  coast ,  long  Island,  and  ('Ape  Tod  can  he  recognized. 
The  image  in  figure  4  has  heen  enhanced  to  highlight  oceanographic  features.  The  outline  of  the 
Vast  Oiast  of  the  tout'd  States  can  be  seen  trnrh  better.  Major  features  associated  with  a  dynamic 
ocean  current  such  as  the  Gulf  Stream  are  apparent  in  this  image.  The  North  Wall  of  the  Gulf  Stream 
is  s***n  as  a  sharp  houndary  hetween  the  cooler  Slope  Water  and  the  Stream  core.  The  Shelf/Slope 
front  s**parati*s  the  Slope  Water  from  the  cold  nearshore  She* If  Water.  TVo  warm  eddies  are  also 
apparent  in  the  imagery. 

The  several  str<wig  frontal  boundaries  analyzed  in  the  irage  contdne  to  create  an  extremity 
itirplex  acoustic  environment.  Sound  propagation  n»ar  and  through  such  boundaries  undergoes  a 
myriad  of  tinpredi  ct  able  phervwn*na.  Although  pmipagatlnn  near  or  across  the  front  currently  can  not 
In*  accurately  predict**!  situ**  most  numerical  acoustic  models  assume  a  homogenous  water  mass,  it  is 
of  vital  importance  for  the  naval  'Operator  to  know  that  his  proximity  to  anas  of  stmng  horizontal 
uirperat ur»*  gradients  -  that  is,  fronts,  can  drastically  affect  his  sonar  performance.  He  can  then 
W*st  d**pl«»y  his  assets  to  minimize  th**  effect  *>f  the  front  or  take  into  account  that  acoustic 
pnpagation  and  range  predict  i«*i  may  be  quite  poor 

At  th#*  Naval  Fastem  Oceanography  (>*nt<»r  a  najor  <*ffort  is  expended  In  locating  the  positions 
«>f  oceanic  fmnts  in  th**  Atlantic  Ocean  and  disseminating  this  information  to  operating  tinlts.  »SPAfN 
has  play»*d  a  rmjor  role  in  this  effort  and  will  continue  to  do  so  as  long  as  th**  need  exists  for 
timely  and  accurate  satellite  Imagery. 

The  interactive  »*nhancer*»nt  of  satellite  imagery  allows  the  analyst  to  vary  the  enhancement 
curve  «m  an  imag**  in  order  to  highlight  SST  patterns.  This  is  a  significant  capability.  Figure  f> 
sIkws  the  analyzed  frwltlon  of  the  Gulf  Stream  frrxn  the  image  In  figure  4.  Three  tlm»»s  a  week,  or 
when  requested,  data  on  the  northern  and  southern  boundaries  of  the  Stream  and  information  on  the 
pi#<l  t  ions  of  warm  and  <vild  (xldlcH  and  thplr  slz and  Nhapf  arp  transnii ttKl  via  naval  nraM^p  to 
various  Ktiipn  amt  Htifjpnrt  activities.  With  this  data  the  contimnder  who  Is  attcrg>ttng  to  engjloy  a 
wmar  system  ran  ascertain  whether  the  effeets  of  a  nearby  ocean  front  will  affect  hts  sonar  perform¬ 
ance,  which  it  prohahly  will  even  In  the  case  of  relatively  weak  frontal  zones,  such  less  a  dynamic 
discontinuity  such  as  the  (iulf  Stream  off  the  fXst  Toast  of  the  United  States.  While  the  physics 
of  srHind  propagation  through  frontal  boundaries  are  not  well  known  and  only  now  heglnnlng  to  receive 
increasing  attention  by  acousticians,  this  kind  of  Trontal  data  can  lmnedtately  alert  a  ccnmndlng 
officer  to  the  probability  of  potentially  degraded  acoustic  conditions  which  can  affect  the 
efficiency  of  his  stmars, 

Tase  2.  The  Optimum  Track  Ship  touting  (OTSR )  program  at  the  (lteanography  Center  In  Norfolk 
Is  an  advisory  service  to  military  and  government  vessels  which  Is  designed  to  provide  the  shortest 
possible  route  under  the  best  possible  weather  conditions  during  rsjor  trans-Atlantic  voyages, 
intelligent  planning  of  mutes  before  the  ships  get  underway  and  constant  surveillance  of  possible 
meteorological  and  oceanographic  conditions  which  can  affect  the  passage  results  In  fuel  savings 
and  leas  storm  damage  tn  ships. 


Figure  G  shtms  the  analyze!  pn*tM»*n  of  the  fatal f  Stream  based  upon  oh«ervatlr>n  of  a  series  of 
images.  The  <  hart  is  thus  *>  '-opposite  of  where  the  Gulf  Stream's  major  f  features  have  b**»n  during 
t hi*  week.  Meteorological  conditions  exert  the  nwjor  Influence  in  most  cases  where  routes  are 
diverted  and  satellite  imagery  plays  a  rajor  role  In  identlfting  dangerous  weather  situations. 
Additionally,  the  past  several  y**ars  have  s«*en  a  dramatic  Inc  ream*  in  the  number  of  routes  which 
have  been  planmnl  to  take  advantage  of  major  ocean  currents  along  the  route.  A  strong,  swift  ocean 
current  such  as  the  Gulf  stream  can  give  a  ship  several  extra  knots  of  free  push  on  a  rorthhound 
transit  ah  tig  tit'  east  roast  of  the  I.S.  or  east  bound  trans-Atlantic,  while  ships  steaming  on 
opp»»*i*e  courses  can  avoid  these  adverse  currents.  While  this  is  not  a  n**w  ri incept ,  the  use  of 
satellite  irngery  alb*ws  the  current  system  to  te  accurately  located  and  thus  for  better  pewit  inn¬ 
ing  of  the  ship  to  take  advantage  of  or  avoid  the  current.  This  is  important  as  can  be  seen  in 
figure  <\  whi*?.  you  consider  the  r<*Tpl«»xity  of  the  current  system. 

In  1981  over  ♦fXiO,  not)  whs  savint  just  by  shortening  the  length  of  voyages.  In  1982  routes 
which  us*»d  th*1  Gulf  Mroar  saved  an  estimated  ?3nfi,0O0,  while  avoidance  rrxites  saved  another 
5.v4,noo.  <*inhtn**d  with  ever  £800,000  in  savings  due  to  shortened  routes,  savings  for  the  year  * >f 
IVS2  was  estirwt«'d  at  close  to  5 1  , OOO Jin,  It  Is  lrposslblr  1 1 *  include  in  these  figures  the  potent¬ 
ially  huge  «-usts  of  ship  repair  that  might  have  l**i*n  required  if  th*’  ships  had  not  used  the  ship 
routing  service  and  had  rec«i ved  storm  damage. 

Another  interesting  use  of  satellite  data  in  ship  muting  is  to  identify  the  position  of  the 
n'lnnms  warn  and  cold  eddies  or  rings  which  spawn  off  current  syst**mR  and  route  ships  through  them 
to  take  advantage  of  their  currents.  Warm  eddies  an*  forrred  north  of  the  Gulf  Stream  in  the  Atlantic 
U'«ap  and  exhibit  a  cbvkwise  rotation  ahout  its  center.  Gold  eddies  fo**m  south  of  the  .Stream  and 
rotate  * ounterclockwl se.  Oirrents  in  these*  m*sosca le  oceanographic  fe*  *  *s  can  reach  as  much  as  3 

knots.  In  th*  spring  of  1982  a  test  was  conduct«*d  to  test  the  utllizatloi  of  eddies  in  ship  routing. 
The  results  wen*  quit**  gt»>d.  In  Figure  7  the  track  of  the  eastbound  ship  is  seen  to  crocs  the 
northern  half  of  th**  warm  **ddies  which  rotate  clockwise.  Satellite  imagery  was  able  to  locate  these 
warm  eddies  well  enough  that  the  ship  realized  a  gain  in  speed  during  the  transit  through  the 
« tidies.  An  estimated  $9000  was  saved  over  a  distance  of  900  nautical  miles  through  the  use  of  the 
*tidles. 


Since  the  test,  the  Naval  Eastern  (Veanography  Center  has  actively  pursued  the  use  of  warm 
* *ddi**s  in  r<*it*>  planning.  As  the  ability  to  accurately  identify,  locate  and  track  these  features 
ipproves,  ships  taking  advantage  of  them  will  surely  Increase.  Emerging  technology,  such  as  remote 
sensors  equipped  with  microwave  which  will  sense  these  features  through  the  clouds  or  radar 
altimeters  wtilch  can  rap  the  geopotent lal  sea  surface,  will  further  speed  the  arrival  of  the  day 
when  ships  at  sea  will  routinely  utilize  eddi**«  to  assist  them  in  their  transit  while  decreasing 
Hie  < -*>sts  of  the  voyage. 

Case  3.  A  strong  f ronta  1  boundary  can  also  influence  meteorological  conditions.  Such  is  the 
case  along  th**  east  coast  of  the  P.S.  when  a  strong  cold  northwest  or  northeast  air  flows  out  over 
th**  Gulf  Stream.  As  th**  mid  air  roves  out  over  the  Stream  there  can  he  a  dramatic  increase  in  the 
turbulence  of  the  air  mass.  As  seen  in  figure  8,  turbulent  upward  convection  over  the  Stream 
mates  a  <*<»ld  strong  dramdraft  in  the  vicinity  of  the  frontal  boundary.  This  can  result  in  an 
increase  in  winds  and  seas  in  th**  area  which  can  he  extremely  hazardous  to  shlp6  or  aircraft.  This 
re r*«oro logical  situation  is  called  the  "North  Wall  Fffect".  While  this  can  be  easily  seen  off  the 
east  dast  of  th**  I'nlted  States,  this  effect  can  probably  happen  anywhere  that  this  type  of  weather 
situation  incurs,  (loud  cover  permitting,  infra-red  satellite  imagery  provides  the  capability  to 
identify  th**  position  of  the  North  Wall  of  the  Gulf  Stream,  or  any  ocean  frontal  area  where  this 
weather  condition  might  occur.  SPAlt*  can  he  used  to  navigate  the  satellite  data,  earth  locate  the 
image,  and  print  out  points  along  th**  frontal  txxindary  as  a  series  of  latitude  and  longitude  values. 
With  this  infomwtHxi  forecasters  can  provldp  much  rore  t imply  message  warnings  to  ships  operating 
in  the  vicinity  of  the  front. 

A  graphic  example  ran  hr  given.  In  April  1982  a  naval  vessel  was  transiting  westward  in  the 
western  Atlantic  and  was  being  provided  with  dptirum  Track  Ship  Rrajtlng  services.  The  (TTSH  division 
at  the  dreanngraphy  (’enter  in  Norfolk  recormended  that  the  ship  divert  from  its  present  course  hased 
ujinn  th**  foil  (Wring  developnxnts : 

-  The  ship  was  located  at  37. 2M  G7.  SW  and  was  experiencing 
winds  fnr  280T  at  40  knots.  Seas  were  8  feet  over  an  existing  swell 
of  33  feet.  Sea  surface  terp** rat ure  was  22. 3T  and  air  temperature  was 
7.2T. 

-  Utilizing  the  satellite  inmgery  <wi  SPAOb,  it  was  determined 
that  the  ship  was  In  the  Gulf  Stream  In  the  1  rimed  late  ana  of  a  large 
amplitude  roander  (Figure  9).  It  was  also  apparent  that  the  ship  was 
experiencing  a  "North  Wall  Fffect". 

-  Has**<1  upon  this  knowledge,  it  was  reoi amended  that  th**  stop 
dlv*»rt  toward  a  point  near  38. NN  89. 0W  at  heat  speed. 

-  later  reports  frrtr  the  ship  showed  that,  once  she  crossed 

the  North  Wall  and  was  in  colder  Slope  Water  (SST  10.#!’,  Air  Trap  7,ari# 
winds  decreased  to  280T  at  21  knots.  Although  the  ship  did  not  report 
w«a  heights,  f<>!  low -on  messages  Indicated  that  seas  had  Ixpn  *ved  •**!  1 
enough  to  allfar  the  ship  to  Increase  speed  significantly  in  order  to 
peach  port . 

Ctac  4.  The  use  of  satellite  Imagery  to  assist  In  forecasting  weather  cvaiditiiwt*  in  data- 
sparse  regions  of  the  world  was  seen  during  the  Falkland’s  Olals  in  the  Spring  1982.  losing  our 
image  processing  system,  wr  were  able  to  develop  timed  sequences  of  (IW«  Full  l>*  sfc  lew  gen  in  the 
South  Atlantic.  The  Full  Disk  shots  were  acquired  at  3  hour  Interim  la  and  the  aagni  f  Icat  ion 


<v4 

capability  of  the  SPAPK  was  tweet  to  "waim"  <xi  The  de8ln»d  portion  of  the  South  Atlantic. 

Ttie  rim*  series  pnxtured  by  the  imagi**  tftfnpdi atoly  highlights  the  general  circulation,  allows 
n*lat«M  m*t<*orol<igi<'*  1  features  to  hi*  associated  mnre  easily  and  gives  a  better  feel  for  the  nr>tion 
of  storm  systiw  and  their  perhxlirtty.  We  were  surprising  by  the  spr«*d  at  which  vortex  centers  and 
relat**d  fronts  moved  thnnigh  the  area  -  .'*)  to  40  Knot  speeds  were  not  unusual.  TW  timed  sequences 
thus  proved  to  be  ext  namely  valuable  in  this  region  where  upper  air  data  and  weather  naps  were  not 
always  rel table. 

other  uses  of  satellite  imagery  to  enhance  the  tactical  krowledge  of  the  naval  omrmander 
hrc<nv  min*  obvious  as  tin*  full  capability  of  n'm>te  sensing  is  realised.  Additional  applications 
will  hr  developed  as  the  tactical  no*ds  <>f  the  nl  1  i  tary  arc  mpsbed  with  the  i«nrrglng  capabilities 
of  r*>re  s-lvanoxl  satellites.  The  examples  cited  in  this  paper  <xily  help  to  underscore  the  value  of 
.lata  fr<r  satellite  inngery  to  tactical  <i**cislon  making  and  Illustrate  the  nxpii rennet  that  a 
satellite  system  mist  provide  timely,  high  quality  data  within  thi*  c«xrcnander 's  an*a  of  internet. 
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ABSTRACT 

I  he  National  Space  I  ransportatmn  System  is  a  National  Resource  serving  the  government.  Department  of  Defense 
amt  commercial  needs  o(  the  USA  and  others  Tour  orbital  flight  tests  were  completed  July  4.  MX2.  and  the  first 
Operational  Might  (SI  S-5)  which  placed  two  commercial  communications  into  orbit  was  conducted  November  I  1 .  MX2. 
February  I‘»X3  marked  the  first  (Tight  of  the  newest  orbitcr.  Challenger.  Planned  firsts  in  1‘tX.T  include  use  of  higher 
performance  main  engines  and  solid  rocket  boosters,  around-the-clock  crew  operations,  a  night  landing,  extra-vehicular 
activity,  a  dedicated  DOD  mission,  and  the  first  flight  of  a  woman  crew  member.  By  the  end  of  19X3.  five  commercial 
payloads  and  two  tracking  and  data  relay  satellites  will  have  been  deployed  and  thirty-seven  crew  members  will  have 
made  flights  aboard  the  Space  Shuttle. 


[he  discussion  which  followed  this  presentation  appeal'  in  classified  publication  C  IM44  (Supplement) 
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SUMMARY 

In  November  1982,  the  United  States  Air  Force  and  NASA  signed  an  agreement  which 
defines  a  joint  project  to  design,  develop,  procure,  and  produce  Centaur  upper  stages  for 
use  with  the  Space  Shuttle.  A  common  Centaur  C.  staqe  6  meters  (19.5  feet)  in  length  is 
being  jointly  developed.  A  longer  version  designated  Centaur  G  Prime  is  being  developed 
by  NASA  to  accomplish  the  Galileo  and  ISPM  flights  in  1986.  The  Centaur  G  and  G  Prime 
will  have  the  capability  to  place,  respectively,  approximately  4540  kilograms  (10,000 
pounds)  and  5910  kiloqraras  (13,000  pounds)  into  geosynchronous  orbit  from  a  standard 
Shuttle  parking  orbit  of  278  kilometers  (150  nautical  miles)  and  Shuttle  performance 
(lift)  capability  of  29,500  kiloqrams  (65,000  pounds). 

The  advent  of  high  energy  upper  stage  capability  in  1986  will  permit  space  users  and 
spacecraft  developers  to  utilize  spacecraft  growth,  stage  combination  concepts  with 
storable  modules,  teleoperator  systems,  and  other  mission  peculiar  devices  to  satisfy 
complex  mission  demands.  These  capabilities  should  greatly  enhance  the  usefulness  of  the 
space  environment  and  stimulate  mission  planners  toward  conception  of  innovative  means  to 
meet  ever  increasing  mission  requirements. 


BACKGROUND 

The  Space  Transportation  System  (STS) ,  as  developed  over  the  past  decade  by  the 
United  States,  is  made  up  of  several  major  elements.  The  Space  Shuttle  is  the  key 
element  and  provides  transportation  for  payloads  from  Earth  to  low  Earth  orbits.  Upper 
stages  are  required  for  missions  which  require  higher  altitude  orbits,  interplanetary 
tra jectories ,  or  for  other  orbital  maneuvers  which  require  higher  energy  than  the  Shuttle 
alone  is  capable  of  attaining.  Several  upper  stage  programs  are  in  varyinq  degrees  of 
development  and  operational  status  at  this  time.  The  capabilities  of  these  upper  stages 
range  from  approximately  1250  kilograms  (2750  pounds)  for  the  PAM-D,  (a  solid  propellant 
vehicle)  into  a  geosynchronous  transfer  orbit  (approximately  630  kilograms  or  1400  pounds 
to  geosynchronous  orbit),  up  to  the  Shuttle/Centaur  (a  cryogenic  stage),  which  can  place 
as  much  as  5910  kilograms  (13,000  pounds)  directly  into  a  geosynchronous  orbit  from  the 
nominal  Shuttle  parking  orbit. 

The  requirements  for  hiqher  energy  upper  stages  were  thoroughly  examined  by  NASA  in 
conjunction  with  the  Department  of  Defense.  The  results  of  these  analyses  were  docu¬ 
mented  in  "Upper  Stage  Alternatives  for  the  Shuttle  Era,"  a  NASA/DOD  Report  to  Congress, 
October  1981,  Reference  1.  Although  many  complex  mission  requirements  were  examined,  the 
area  of  spacecraft  growth,  i.e.,  physical  size  versus  other  ways  of  meeting  increasing 
mission  demands,  received  considerable  thought  and  discussion  during  the  referenced 
analyses.  Trade  studies  were  made  such  as  comparing  the  development  of  costly,  complex 
avionics  systems  for  placement  accuracy  and  maneuverability  versus  sizing  of  spacecraft 
propellant  tanks  and  multiple  burn  capability.  The  results  indicated  the  trend  to  larqer 
spacecraft  in  the  future  in  order  to  decrease  cost,  extend  life,  provide  maneuverability 
and  expand  other  services.  The  capability  to  support  these  future  requirements  could 
only  be  accomplished  through  development  of  a  high  energy  upper  stage  with  inherent 
flexibility  in  tank  sizing,  multiple  burn  capability,  and  eventual  low  thrust  options. 

In  July  1982,  the  United  States  Congress  passed,  and  the  President  signed,  a  1982 
Urgent  Supplemental  Bill  containing,  among  other  amendments,  a  stipulation  that  NASA 
design  and  procure  the  Centaur,  a  modification  of  an  existing  cryogenic  expendable  launch 
vehicle,  for  accomplishing  the  Galileo  and  ISPM  interplanetary  missions  in  1986.  Upon 
the  reinitiation  of  the  program,  the  DOD  completed  additional  evaluation  of  upper  stage 
requirements,  which  resulted  in  the  requirement  for  a  short  wide-body  Centaur  capability 
by  1987. 

In  November  1982,  the  United  States  Air  Force  and  NASA  approved  the  Centaur  G 
Subagreement  to  the  NASA/DOD  Memorandum  of  Understanding  on  Management  and  Operations  of 
the  Space  Transportation  System,  which  defines  a  joint  project  to  design,  develop,  pro¬ 
cure  and  produce  Centaur  upper  stages.  A  coninon  Centaur  G  vehicle  6  meters  (19.5  feet) 
long  is  being  developed.  A  longer  version,  an  8.9  meters  (29.1  feet)  long  stage  desig¬ 
nated  Centaur  G  Prime  is  being  developed  by  NASA  to  accomplish  the  Galileo  and  ISPM 
flights  in  May  1986. 

TECHNICAL  DESCRIPTION 

The  Shuttle  Centaur  G  and  G  Prime  vehicles  are  derivatives  of  the  existing  Centaur 
stage  as  used  with  the  Atlas/Centaur  (A/C)  vehicle  and  the  Titan/Centaur  launch  vehicles. 
The  basic  Centaur  vehicle  has  been  successfully  flown  for  the  past  20  years  with 


Iona]  ili'monstratoJ  reliability  for  a  variPty  of  missions  including  commercial , 
fl.ini-t.iry  uul  defense  oriented  flights.  To  insure  inherent  reliability  In  the  Shuttle 
i'1-nt.mr  configuration,  the  groundrules  and  design  goals  established  center  around  minimum 
mollifications,  i.e.,  those  required  for  compatibility  with  the  Spare  Transportation 
System  (STS)  and  for  safety  considerations  in  a  manned  environment.  Other  cons iderat ions 
were  to  minimize  interfaces  with  the  Shuttle  elements  for  ease  of  lnteqration  and  that 
*  be  Centaur  would  be  an  expendable  staqe.  Althouqh  reusability  has  been  discussed,  such 
cons  lder.it  ions  would  not  be  considered  until  the  Shuttle  Centaur  conf  iqurat  ion  is  opera- 
t  i--n.il,  i.e.,  1  0  H  <,  for  Centaur  G  Prime  and  1987  for  Centaur  r;  conf  i  qurat  i  ons . 

The  basic  A  C  configuration  and  qrowth  progression  to  the  Shuttle  Centaur 
a-,  f  i -jurat  ions  are  shown  in  Figure  I. 
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both  the  A/C  and  the  new  Shuttle/Centaur  utilize  two  RI.-10  liquid  hydrogen/1  iqu id 
oxyqen  engines.  These  RL-10  enqlneB,  produced  by  Pratt  and  Whitney,  have  been  flown  with 
100  percent  success.  The  enqines  used  for  the  common  G  vehicle  will  utilize  a  mixture 
ratio  of  fell  (oxidizer  over  fuel),  which  results  in  a  thrust  level  of  66,700  newtons 
(15,000  pounds  force)  from  each  engine,  at  a  specific  impulse  USp)  of  440  seconds.  The 
Centaur  G  Prime,  because  of  tank  configuration  and  performance  requirements  will  use  the 
enqines  operating  at  the  more  efficient  5:1  mixture  ratio,  providinq  71,400  newtons 
(16,500  pounds  force)  of  thrust  each  at  an  IBp  of  446. 

The  liquid  oxyqen  tank  for  the  Centaur  G  configuration  remains  essentially  the  same 
as  the  current  Centaur.  Por  the  G  Prime  vehicle,  cylindrical  sections  are  added  to  the 
oxygen  tank  to  provide  for  the  required  increase  in  capacity,  i.e.,  from  11,600  kiloqrams 
(25,500  pounds)  for  G,  to  17,500  kiloqrams  (38,500  pounds). 

As  can  be  seen  in  Figure  1,  the  major  modifications  are  in  the  hydrogen  tank 
structure.  The  A/C  holds  2400  kiloqrams  (5300  pounds)  of  liquid  hydrogen  while  the  G  and 
G  Prime  tanks  can  respectively  hold  2050  kiloqrams  (4500  pounds)  and  3640  kiloqrams 
(7900  pounds)  of  fuel.  The  same  proven  technology  and  techniques  as  used  in  manufacturing 


and  fabrication  of  the  hydroqen  tanks  for  the  current  Centaur  will  be  used  for  the 
Shuttle/Centaur  con f iqurat ions .  The  capability  to  vary  tank  sizes  and/or  to  offload  pro¬ 
pellants  provides  considerable  flexibility  for  future  mission  requirements. 

The  basic  avionics  packaqes  as  currently  flown  will  remain  essentially  the  same. 
However,  minor  modifications  are  beinq  made  for  compatibility  with  the  Space  Transporta¬ 
tion  System  and  unique  mission  requirements.  The  guidance  system,  used  for  the  current 
Centaur  and  both  Shutt Ve/Centaur  configurations,  is  a  Minneapolis  Honeywell  inertial 
reference  system  and  a  Teledyne  computer  to  provide  steering  commands  to  the  RL-10 
engines.  Additional  avionics  have  been  added  to  provide  two-failure  tolerant  safing  of 
the  vehicle  while  in  the  Shuttle  Orbiter's  cargo  bay. 

The  R.K  system  contains  an  S-band  transmitter,  power  amplifier,  and  a  hemispherical 
de( loyal le  antenna  system.  If  required,  encryptors  can  be  added  to  provide  secure 

omr.un  w.it  ions  . 

A:  instrumentation  and  telemetry  system,  signal  conditioning  and  multiplexing 
ij  it  ilit  y  exists  for  monitoring  system  status  and  performance  while  in  the  cargo  bay 
1 i ;  i  to  de( loyment  and  stage  status  after  deployment. 

I  r  in.it  y  electrical  power  to  the  Centaur,  Centaur  Integrated  Support  Structure  (CISS) 
i!  !  sj  i  eci. if*  will  Le  supplied  by  the  orbiter  while  they  are  in  the  cargo  bay. 

Pit 'ories  will  be  used  to  supply  electrical  power  to  the  Centaur  after  separation  from 
M.r  t!  »rr  and  is  a  backup  to  orbiter  |»wer  while  in  the  orbiter  bay. 

A  j  i ,.•«>. rial  description  of  the  Shut t 1 e/Cen taur  and  how  it  physically  relates  to  the 
is  shown  in  Fiqure  II.  A  Centaur  Integrated  Support  Structure  (CISS)  is  a  new 
lev  ;  i  .•  i  system  which  provides  the  major  interfaces,  i.e.,  fluid,  mechanical  and  elec- 
>i.  >;  Ir'weei  the  Centaur  and  the  Orbiter.  The  CISS  also  serves  as  the  erection  device 

i  i  .i.:h  flat  form  for  deployment  of  the  Centaur,  with  its  payload,  from  the  Orbiter. 


SHUTTLE/CENTAUR  SYSTEM  SUMMARY 


Figure  I 
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The  spacecraft  is  cantilevered  from  a  forward  mounting  ring  on  the  Centaur  stage. 
Forward  supports  are  an  integral  part  of  the  Centaur  and  are  utilized  for  supporting  the 
forward  section  of  the  Centaur  while  in  the  cargo  bay.  In  low  Earth  orbit,  the  Shuttle 
forward  support  latches  arc  released  and  the  C1SS  provides  rotation  of  the  entire  vehicle 
to  45  degrees.  At  the  proper  time,  the  separation  ring  at  the  aft  part  of  the  Centaur  is 
fractured  by  the  use  of  Lockheed  Super-Zip,  a  proven  and  currently  used  system,  and  12 
springs  elect  the  Centaur  from  the  Orbiter  at  approximately  0.3  meters  per  second  (1  foot 
per  second) . 

The  capability  does  exist  for  the  Centaur  and  payload  to  be  restowed  into  the  cargo 
bay,  should  problems  occur  with  the  payloads  during  pre-deployment  checkout  or  should 
mission  requirements  change.  The  total  system,  as  designed,  will  permit  return  of  the 
I'entaur  and  payload  to  a  Shuttle  landing  site  should  it  be  desirable  to  terminate  the 
mission.  If  this  is  required  while  the  Shuttle  is  in  orbit,  the  Centaur  tanks  would  be 
dumped  through  ducts  provided  for  this  purpose,  prior  to  Shuttle  reentry.  Similar 
dumping  procedures  would  also  be  used  should  an  abort  occur  at  any  time  during  the 
Shuttle  operational  phase  of  the  mission. 

Two  Orbiters  are  currently  being  modified  for  compatibility  with  the  Centaur  and 
both  launch  pads  at  the  Kennedy  Space  Center  will  be  compatible  with  Shuttle/Centaur 
operat ions . 

PERFORMANCE  AND  MISSION  PLANNER  OPTIONS 

The  Centaur  <1  Prime  tanks  were  sized  for  the  planetary  missions,  the  Galileo  and  the 
International  Solar  Polar  Mission.  Should  this  stage  be  used  for  geosynchronous  missions, 
it  could  place  in  orbit  approximately  5910  kilograms  (13,000  pounds)  of  useful  payload 
and  still  be  offloaded  by  4090  kilograms  (9000  pounds)  of  propellant  at  Shuttle  lift-off. 
This  is  based  on  a  Shuttle  lift-off  payload  capability  of  29,500  kilograms  (65,000  pounds). 
Should  Shuttle  lift-off  payload  capability  increase  above  29,500  kilograms  (65,000  pounds) 
additional  propellants  could  be  loaded  into  the  Centaur  for  Improved  performance 
approaching  8180  kilograms  (18,000  pounds)  to  geosynchronous  orbit.  This  potential  per¬ 
formance  capability  will  eventually  permit  practical  missions  involving  large  space 
structures  and/or  large  multiple  payloads  to  the  same  or  different  orbit  positions. 

The  Centaur  G  configuration  was  sized  for  payload  length  in  the  cargo  bay  instead  of 
maximum  attainable  performance.  This  conf iqurat ion  will  place  4540  kilograms  (10,000 
pounds)  in  geosynchronous  orbit  with  payloads  as  large  as  12.2  meters  (40  feet)  in  length. 
The  limitation  on  payload  length  is  controlled  by  the  length  of  the  cargo  bay,  i.e., 

18.3  meters  (60  feet),  and  the  length  of  the  Centaur  stage,  i.e.,  6  meters  (19.5  feet). 

This  performance  is  also  based  on  a  Shuttle  parking  orbit  of  278  kilometers  (150  nautical 
miles)  at  28°  inclination.  Performance  at  other  orbits  and  inclinations  can  easily  be 
extrapolated:  for  example,  6360  kilograms  (14,000  pounds)  can  be  delivered  to  a  57° 
inclination,  highly  elliptical  orbit. 

As  the  stages  are  cryogenic,  boiloff  of  propellants  becomes  an  important  performance 
factor.  To  this  end  a  unique  thermal  insulation  concept  has  been  incorporated  into  the 
design.  The  performance  curve  relative  to  loiter  time  in  the  cargo  bay  is  shown  in 
Figure  III  for  the  Centaur  G.  As  the  propellant  mass  is  greater  with  the  Centaur  G  Prime, 
the  rate  of  performance  dropoff  is  somewhat  lower. 

It  should  be  noted  that  loiter  time,  boiloff  considerations  and  associated  flight 
performance,  were  a  major  item  of  concern  during  the  performance  of  the  analysis  in 
Reference  1.  It  was  recognized  during  the  analysis  that  two  approaches  were  desirable: 
Minimize  boiloff  through  use  of  innovative  insulation  concepts  and  for  missions  which 
require  exceptional  flexibility  relative  to  loiter  time,  to  either  add  a  storable  pro¬ 
pellant  upper  stage  module  or  to  carry  more  storable  propellants  in  the  spacecraf t . 

Since  the  Centaur  is  a  cryogenic  stage,  with  high  energy  performance,  the  latter  concepts 
are  very  practical.  This  being  the  case,  a  wide  variety  of  new  mission  concepts  relative 
to  flexible  deployment  times,  satellite  positioning  schemes,  and  evasive  maneuvering  can 
be  implemented  within  this  decade. 

Relative  to  storable  module  concepts,  the  General  Dynamics  Corporation,  GDC,  has 
designed,  as  a  proprietary  development,  such  a  module  for  use  with  the  Shuttle/Centaur. 

In  addition,  NASA  has  been  studying  for  several  years  the  practicality  of  a  teleoperator 
maneuvering  system  vehicle,  now  called  Orbital  Maneuverable  Vehicle  (OMV) .  This  program 
may  be  a  new  start  in  EY  85.  The  combination  aspects  of  storable  propellant  upper  stages, 
maneuverable  satellite  systems  and  teleoperator  vehicles  should  be  the  subject  of  a 
future  paper  with  equal  emphasis  as  this  discussion  on  the  Shuttle/Centaur. 


CENTAUR  G 


EFFECT  OF  PARK  ORBIT  COAST  TIME 
ON  GEOSTATIONARY  ORBIT  CAPABILITY 


In  summary,  the  United  States  is  addinq  the  Centaur,  a  cryogenic  high  energy  upper 
stage,  as  part  of  the  Space  Transportation  System  (STS).  This  new  capability  will  be  in 
the  form  of  two  stage  configurations,  permitting  payloads  of  12.2  meters  (40  feet)  and 
9.2  meters  (30  feet)  in  lenqth  and  respective  performance  of  4540  kilograms  (10,000 
pounds)  and  5910  kilograms  (13,000  pounds)  to  a  geosynchronous  orbit.  This  capability 
will  exist  beginning  in  1986  and  be  fully  operational  in  1987.  This  added  high  energy 
capability  opens  the  door  for  innovative  approaches  to  meeting  increasing  mission  demands 
and  further  utilization  of  the  space  environment  and  its  specific  advantages  for  tactical 
operations . 
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l*  pr^^ransB*  de  d£v*  1  o^p^ent  du  lanceur  AJUANE  visnt  de  s’achever  avec  la  rAussite  des  deux  tire  d*  qualifi¬ 
cation.  ll  i>er»*t  dm  disposer  d’un  lsncsur  opArat ionnel  capable  de  placer  des  charges  utiles  de  l'ordre  de 
IB'Ki  kg  en  orbits  de  transfer*  de  type  qAostat ionnaire .  Deux  phases  de  dAve ioppement  camp  1 Ament a  ires  ont  AtA 
dAcidAes  afm  d’upt  ibimt  le  lanceur  en  f  one  t  ion  de  l ’evolution  des  charges  utiles,  et  par  consAquent  d’accroi- 
tre  sa  ccxapAt it ivitA  ;  la  version  ARIARE  3  capable  d’une  charqe  utile  de  l'ordre  de  2600  kq  en  orbite  de  trans¬ 
fert  de  type  qAoatat lonna i re  et  dont  la  di sponibi 1  it A  est  prAvue  en  1983,  la  version  API  ARE  4,  capable  de  six 
configurations  allant  de  2000  4  4)00  kq,  disponible  en  fin  198$.  Paral 1 Alement ,  la  crAdibilitA  copmercia le 
des  lanceur s  ARIARE  est  renforcAe  par  la  realisation  d'un  deuxiAme  ensemble  de  lancetnent  disponible  dAbut  1985.. 


ABSTRACT 


The  development  of  the  API  ARE  launch  vehicle  has  just  been  completed  with  the  success  of  two  qua  1 i f icat ion 
launch*.  This  proqraa  has  led  to  an  operational  vehicle  able  to  launch  payloads  of  about  1800  kq  on  transfer 
to  geostat ionnary  orbit.  Two  complementary  development  phases  have  been  decided  in  order  to  optimize  the  launch 
vehicle  with  respect  to  the  evolution  of  payloads  and  thus  to  increase  campet it ivity  ;  APIARE  3  model  able  to 
launch  2600  kq  in  transfer  is  scheduled  to  begin  operations  in  198),  the  ARIARE  4  six  different  models  for 
payloads  ranglnq  from  2000  kq  to  4300  kq  that  will  be  available  at  the  end  of  1985.  In  parallel  the  commercial 
credibility  of  APIARE  launch  vehicles  is  being  increased  by  the  completion  of  the  second  launch  pas  in  Kourou 
(french  Guiana)  that  will  start  operations  at  the  beginning  of  1985. 


APIARE  1  : 

La  dAclslon  de  rAallaer  le  lanceur  Arlane  1  dans  le  cadre  de  l'Agence  Spatlale  EuropAenne  fut  prise  en 
1973.  Le  programme  flxait  pour  objectlf  easent lei  1  e  lancement  de  charges  utiles  de  1  5<X>  kg  en  orbite  de 
transfert  gAostat lonna ire  depuls  1*  base  de  Kourou  dAs  1980. 

Apr*t  sept  snnAes  de  dlveloppeaent ,  le  lanceur  Arlane  1  effectualt  son  premier  vol  fin  1979  et  obtenslt 
sa  qualification  l  l ' issue  de  trols  tlrs  totaieaent  rAussls  sur  qustre  l  la  fin  de  1981 

Sa  performance  en  orbite  de  transfert  de  type  gAostat ionr.s ire  a  pu  etre  augment Ae  progress lvement  sen- 
slblsment  au-deasua  de  1600  kg  grace  aux  cholx  conservatlfs  effectuAa  en  dAbut  de  programme.  Lea  perforaan- 
ces  thAorlquet  sur  les  orbltes  lea  plua  usuelles  sent  donnAes  en  annexe. 

A  1' Issue  de  sa  phaaa  de  qualification,  le  lanceur  Arlane  1  se  prAsente  coame  un  lanceur  trl-Atage 
de  47,79  m  de  hauteur  totale  pesant  210  tonnes  au  dAcollage,  avee  les  caractAr 1st lques  essentlelles  aulvan- 
tes  : 


Le  prsaler  Atsge  pise  11,12  tonnes  1  vide  et  assure  16,4  m  de  hauteur  pour  1,6  m  de  dlaaltre.  11  est 
AqulpA  de  qustre  aoteurs  Viking  V  qu 1  dAveloppent  une  poussAe  de  245  tonnes  su  dAcollage.  Sa  durAe  de  com¬ 
bustion  au  vol  est  de  146  second**. 

Les  147,6  tonnes  d'ergols  (UDMH  st  N204)  sont  contenues  dsns  deux  rAservolrs  Ident lques  en  scler  re- 
HAs  par  une  Jup*  cyllndrlque.  Las  qustre  aoteurs  I  turbopoape  sont  f IxAs  symAt rlquement  sur  le  bit  1  de 
poussAe  et  artlculls  par  palrea  selon  deux  sxee  orthogonaux  pour  assurer  le  pilotage  sur  les  trols  axes. 
Qustre  empennages  de  2a2  aaAllorent  la  stabllitA  aArodynaaique. 

Le  premier  Atsge  s 'autodAtruie  10  seconds#  environ  apris  Is  sAparation  1/2. 

Ls  deuxllae  Atsge  pies  1,13  tonne*  I  vide  (sans  I'lnterltage  st  les  fusAss  largables  d 'accAlArst ion) 
st  assure  11,6  a  de  hauteur  pour  2,6  a  de  dlaaAtre.  11  est  AqulpA  d'un  aoteur  Vlktng  XV  qul  dAveloppe 
uns  poussAe  de  72  tonnes  dens  la  vide  pendent  116  seconds*  de  vol.  Le  aoteur  est  114  eu  bitl  de  poussAe 
tronconlque  par  un  cardan  A  deux  degrAs  de  llbertA  pour  le  pilotage  en  tentage  et  lecet,  le  pilotage  en 
roulle  Atant  aeeurA  par  dee  tuyAres  auk  ilia Ires  si leant 4as  an  gas  chauds  prllevls  sur  Is  gAnlratsur  ds 
gas  ds  1 'Atsge.  Les  deux  rAservolrs  -  an  all lags  d’ aluminium  I  fond  IntensAdialre  common  -  sont  pressuri- 
sAs  A  1'hAllua  gassux  0,5  bar)  st  contlennent  14.1  tonnes  d'ergols  (UDMH  st  N204) .  Le  deux  lias  Atsge 
e'eutodAtruit  10  seeondee  environ  aprAe  la  sAparation  2/1. 

Avant  1*  dAcollage,  pendant  1'attente  sur  reaps  du  lanceur,  les  rAservolrs  du  deuxlAae  Atsgs  sont 
protAgAs  par  une  houses  theralque ,  ventllAe  A  l'slr  frotd,  qul  1 latte  I'Achsnge  thermlque  entre  lee  ertols 


Am 


ACi 


states' 


I ' amh tanrc  I'xtj'rlpurr.  «Vt  t  e  hoimae  thf»rmiqu*  «»*f  lergule  au  d^ro)  U^e  du  lanceur. 


M\  : 

et 

!  e  t  n>  i  s  1  <xrae  Itage  qut  p£se  1,164  tonne  A  vide  et  meaure  9,0ft  m  de  hauteur  pour  2,6  m  de  diamltre,  eat 
1  e  premier  It  age  crvogenlque  rial t si  en  F.urope.  Tl  eat  Iqulpl  d’un  notcur  WM7  qu  1  dlveloppe  une  poussle 
Je  h  tonnes  dans  )e  vide  pendant  64  6  aecondes  de  vol  . 

lea  deux  rrservolra,  qu  l  rontlennent  ft, 23  tonne*  d’ergola  (hydroglne  et  oxyglne  liqutdes)  aont  en  al- 
1  lage  d 'aluminium  aver  un  fond  cowmin  Interred  lair  e  (A  double  parol  aoua  vide).  Ils  aont  revetus  d  'une 
protection  thermique  externe  en  Kllgerell  pour  Ivlter  l * Ichauf f ement  dea  ergols.  Le*  reservoirs  d’hydroglne 
er  tl'oxyglne  aont  pressurises  en  vol,  r espec t tvement  A  l’hydroglne  gazeux  et  A  l 'helium. 

Ip  mot  eu  r  eat  lie  au  batl  de  pousale  tronconlque  par  1 4 intermld la  ire  d’un  cardan  permettant  le  pilota¬ 
ge  en  tankage  er  lacpf.  Oca  tuyeres  auxilialres  IJectant  de  1 'hydroglne  gazeux  assurent  le  pilotage  en  rou- 

1  is. 


t  es  sepci rat  ions  des  etages  aont  effectulea  par  cordeaux  dlcoupeurs  pyrotechnlqvies  situls  aur  la  lope 
arrtlre  des  deux  time  et  trolsllme  etages.  Lea  Itages  aont  Icartls  I'un  de  l 'autre  par  dea  rltrofuslea  pla¬ 
ces  aur  1  Vcay.c  Inf  fir  leu  r  et  par  dea  fusles  d  *  acrll  Arat  Ion  dlaposlea  aur  1  'Itage  suplrieur.  La  afiparation 
entre  lea  deux  premiers  Stages  est  commandle  par  le  calculateur  de  bord  aur  detection  de  la  queue  de  poua- 
sle  du  1.140  (Apulsement  d’un  ergol).  l>a  separation  entre  le  2Ame  et  le  3Ame  Itage  eat  conmandle  par  le 
calculateur  de  hord  quand  1 'augment at  Ion  de  vlteaae  due  A  la  pouaale  du  1.11  a  attelnt  une  vaieur  pr£d£ter- 
mtnle . 


l-a  case  d  ’  Aqu  lpement  s  pise  Mb  kg  ;  elle  meaure  2,6  m  de  dlamAtre  at  1,16  n  de  hauteur.  Placle  au- 
desaua  du  trotatlme  Atage,  elle  renferme  lea  Iqulpements  fi lec tron iquea  du  lanceur,  supporte  la  charge  uti¬ 
le  et  sert  de  point  d’attache  A  la  colffe.  Dana  la  case,  aont  raasembils  autour  d'un  calculateur  eabarqul 
toua  len  Aqulpements  Alectriques  nlcessairea  A  1’ execution  de  la  mission  du  lanceur  :  sequential,  guldage, 
pilotage,  loca 1 1  sat  Ion,  destruction,  tlllmesure.  Seula  lea  organea  de  pulsaance  et  d’exlcutlon  aont  rlpar- 
tis  dans  len  Stages. 

lee  deux  demt -co If f es  aont  Ajectles  para  1 1 £1 ement  A  l'axe  principal  du  lanceur,  aur  ordre  dfilivcfi  par 
le  calculateur  embarqu A  loraque  le  flux  thermique  calcuiA  deviant  tnflrleur  au  flux  spAclflA. 

A  1' Issue  de  sa  phase  de  qualification,  un  premier  lot  de  six  ianceurs  a  Atl  command!  par  1'Agence 
Spat  tale  FuropAenne.  Le  premier  lancement  L6  a ’eat  sold!  par  un  tehee  du  A  la  dlfalllance  de  la  turbopom- 
pe  du  3A»e  At  age.  Le  lancement  1.6  a  permla  la  aa tel  1  lsat  ion ,  avec  une  grande  prlclalon,  dt  'a  charge  utile 
double  FXS-AMSAT.  Lea  autres  lanceura  permettront  la  mlae  en  orblte  de  trola  satellites  Intelsat  et  un  aa- 
t el 1  It e  d ’ observat ion  de  la  terre. 

ARIANE  J  : 

I41  ntceaalt''  de  aleux  afflmer  la  compet it lvlt A  d’Ariane  pour  ler  petltea  charges  utiles,  a  conduit  A 
proposer  1 ’ amtl lorat Ion  Arlane  3  dla  19*0  avec  lea  objectlfs  aulvants  : 

-  augmenter  la  performance  du  lanceur  Arlane  en  orblte  de  tranafert  de  type  gtostat lonnalre  jusqu’A 
2600  kg  afln  de  permettre  le  lancement  double  de  charge*  utiles  de  type  STS  PAM  ; 

-  augmenter  corrAlat  Iveiaent  le  volume  aoua  colffe. 

Pour  respecter  cea  object  If a  techniques,  lea  mod  If lcat Ions  sulvantea  ont  AtA  retenuea  : 

.  Augmentation  de  la  pouaale  dea  moteur a  Viking  dea  ler  et  2A»e  Atsgea  par  accrolasement  de  la  preaalon 
de  combustion  de  10  t  (63,6  bars  A  6ft , 6  bara)  ; 

.  Adjonctlon  de  deux  propul seura  d'appoint  A  poudre  d’une  pouaaAe  unltalre  de  60  tonnes,  fonctlonnant 
die  la  dicollage  durant  environ  40  aecondea  ; 

.  Augmentation  de  la  maaae  d 4 ergol a  du  3#me  Itage  ; 

.  Amelioration  dea  performances  du  moteur  du  3lme  Atage  par  augmentation  de  sa  preaalon  foyer  de  6 
bara  at  allongement  du  divergent  de  200  mm  ; 

.  Adaptation  du  SYl.DA  (aysttmc  de  lancement  double)  dAveloppA  dans  le  cadre  du  dlvcloppement  Arlane  1, 
au  volume  requie  par  lea  aatallltea  STS  PAM. 

L’enaemble  de  cea  mod  if  teat lona  per met  de  paaaer  A  la  configuration  Arlane  3.  La  configuration  Arlane  2 
eat  obtenue  par  auppreaslon  daa  propulaeura  d'appoint  A  poudre. 

A  ce  Jour,  l'ltat  de  dlveloppmaent  du  lanceur  AR3  eat  le  aulvant  : 

.  Lea  Itudea  ayatlmea  aont  en  vole  d'achAvmkent  et  un  premier  dossier  a  4t#  ramla  A  la  cowlaalon  de 
qual if lcat Ion  ; 

.  Le  f onct ionnement  du  moteur  Viking  A  6ft ,6  bara  a  It#  dimontr#  par  tout#  une  airle  d'eaaala  aux  limi- 
tea  dftgageant  lea  margea  de  edcurlt#  nlctaaalra.  Le  programme  d’eaaal  prlvu  eu  niveau  de  la  bale  de  propul¬ 
sion  du  ler  #tage  eet  t arm In 4  avec  dee  rleultate  excellente.  Per  allleura,  toutee  lea  atructurea  mod  if  ilea 
sole  per  a4 j onct loo  dea  propulaeura  d'a  , olnt.  aolt  par  augmentation  dea  aftorta  glnlraux,  ont  aubl  leurs 
eaaaia  da  qualification  avec  eucefta  ; 

.  Lea  propulaeura  d'appoint  A  poudre  aont  quallflla,  lncluant  un  tir  vertical  aiaeilant  la  fixation  dea 
propulaeura  d'appoint  eur  la  pramier  Itage.  Toua  laa  aseala  da  alparatlon  aont  termini#  ; 
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.  I  ***  c*sa1s  de  qualification  <l«i  not  mi  r  du  'fan*  ^tag#  s«>nt  termtnta.  rinix  mmIi  A  fau  du  Afcae  ttage 
an  Kane  .I'oaaal  rcatenf  A  effertuer  ; 

l  os  mod  If  teat  Iona  de  la  coif  fa  at  du  SY1 DA  «ont  arhav^aa  at  qual lf*i. 

Fn  r^sumf,  la  quasi -total  it#  dea  eaaala  da  qualification  ao  aol  aat  malntanant  teraln#*  at  1*  proceasua 
da  la  revue  formal le  da  qua 1 1 f lest  ion  an  aol  aat  riaaenc* ,  pour  un  pranlar  vol  opAratlonnel  prAvu  art  mat  84. 

I.a  performance  ar  t  ual  1  ement  aat  lm#e  oxc*de  aana  IM  ament  I'objectlf  Initial,  l.aa  performance*  pour  lea  missions 
tvpaa  aont  r appal oaa  an  annexe. 

la  lanceur  Ar  lana  at  A  va  «urr#der  au  lanceur  Ar  tana  1  A  partlr  da  1' example  Ira  n"  12,  Sa  production 
at  sa  commercialisation  ont  #te  confines  A  la  SoctAt#  AH  lANFSPAi'F . 

AH  I  A  NX  '4  : 


la  n^casslfc  <i '  env  1  xager  una  nouvalla  amelioration  du  lanreur  Ar  iana  aat  sppsrue  A  Is  suite  d'une  etude 
lu  mar*  ha  las  sat  all  It  as  at  da  Ieur  avo  l  ut  Ion  an  terme  da  masse  A  partlr  da  198  V 

v  programme  d '  ame  1  lorat  Ion  a  ate  decide  debut  1  9H.'  avac  lea  object  If  a  rl-apr#s 

1'rrmattra  la  lancemant  double  da  satellites  da  la  rlasaa  2*»<h)  kg  at  1 400  kg  an  orblte  da  transfart 
la  t vpa  gaost at ionna 1  re  ou  la  lancemant  simple  de  satellites  d’un  polds  maximal  de  4A(X)  kg  ; 

.  AmMlorer  correiat  Ivement  la  volume  sous  colffe  en  portant  not inarnt  le  dlam#tre  utile  A  1,65  •  ; 

.  ficffnlr  una  conf  lgurat ion  ou  un  ansambla  da  configurations  <lertv#ea,  presentant  un  maximum  de  flexi¬ 

bility-  vls-A-vls  du  mode  la  da  missions. 

lour  respecter  <  as  object  If s,  les  modifications  sulvantes  ont  ete  retenuea 

.  Augmentation  da  la  masse  d'ergols  du  1 ar  #tage  de  147  tonnes  A  21 5  tonnes,  tout  en  ronservant  le 
point  de  f one f lonnement  das  moteurs  Viking  quel  If  i#  durant  le  programme  Arlane  A. 

.  Ad  J  one  t ion  au  premier  #tage  das  quatra  propulaeura  d'appolnt  A  arguls  llquldas,  utllisant  rhacun  la 
motaur  Viking  utilise  sur  la  corps  central.  l.n  flexibility  de  la  conf  lgurat Ion  eat  obtenue  en  montant  aolt 
quatra  on  deux  propul seurs  d’appolnt  liquids,  solt  quatre  ou  deux  propulseurs  d'appolnt  A  poudre  de  type 
Arlane  A,  solt  aucun  propulseur  d'appolnt  dans  la  conf  lgurat  Ion  de  bate. 

.  Modification  da  la  structure  da  la  rasa  d’^qulpemenc  afln  de  permettre  tine  meilleure  flexibility  d'fn- 
emigration  da  la  charge  utile  alnsl  qu'una  malllaura  transition  au  nouveau  dlamAtre  de  colffe. 

.  O#veloppement  d'une  structure  porteuaa  externa  de  lancemant  double  Arlane  (SPF1.DA)  permettant  lea 
lancamants  doubles. 

l.es  deuxl^ma  at  trotaldnx-  stages  na  resolvent  qua  des  ran f or c ament s  de  structure  afln  de  tenlr  1’accrola- 
sement  das  efforts  g#n#raux.  Le  d$veloppement  ne  comporte  pas  d ’ tnnovat Iona  majeurea  en  terme  ds  jropulaion 
pulsoue,  d’une  part,  la  bale  de  propulalon  du  premier  #tage  a  d#JA  aubl  de  fa^on  aat laf a laante  dea  eaaala 
au  banc  tr#a  prochea,  en  dur#e,  du  temps  de  fonct lonnement  Arlane  4  et  aux  memea  condltlona  de  rlglage 
Jans  la  cadre  du  d#vel oppement  Arlane  A,  d'autre  part,  le  syat#me  propulalf  dea  propulaeura  d'appolnt  A  11- 
qulde  a  constltu#  une  #tape  de  dlveloppement  du  programme  Arlane  l. 

Par  centre,  une  Important*  activity  systems  et  structures  est  en  coura. 

Le  premier  vol  planlfl#  fin  1985  sera  effectu#  dana  la  configuration  2  propulaeura  d’appolnta  A  llqul- 
des  -  2  propulaeura  d’appolnt  A  poudre  (44  l.P) .  Lea  dlff#rentea  configurations  de  la  partle  haute  alnsl  que 
lea  performances  assoc  lies  sont  donn#ea  en  annexe. 

F.NSRMBLP  DF,  lANCPIENT  AR1ANF.  N*  2  : 

Afln,  a  lam  1  tankmen t ,  de  mtnlmlaer  lea  consequences  d’un  Incident  au  dAcollsge  sur  le  calendrter  de  lan* 
cement,  d’augmenter  la  cadence  possible  de  lancement  et  d’en  accrottre  la  flexibility,  les  #tats  partici¬ 
pants  au  programme  Arlane  ont  d#cid#  la  realisation  d'un  second  ensemble  de  lancement  en  julllet  1982.  Cet 
ensemble  eat  en  cours  de  construction  conf ormement  au  calendrter  pr6vu  et  dolt  permettre  un  premier  lance- 
ment  Arlane  A  en  mars  1985  et  le  premier  lancement  Arlane  4  fin  1985. 

PROJFTS  FT'TTRS  : 

Le  lanceur  Arlane  4  apparatt  remarquab lament  blen  adapt#  au  march#  des  satsllltss  plsc#s  en  orblte  g#o- 
synchrone  ou  h#l losynchrone  Juaque  vers  199A.  Au-delA,  pluslsurs  consid#rst ions  condulsent  I  la  n#cesslt#  de 
pouvolr  disposer  d’un  autre  lanceur  : 

.  Le  dlamAtre  de  colffe  risque  d'itre  lnaufflsant. 

.  L ' see ro lssement  sensible  de  la  masse  des  charges  utiles  lap  11  que  une  augmentation  de  la  capaclt#  tote- 
le  de  lancement  afln  da  permettre  toutes  les  comblnalsons  possibles  da  lancement  double. 

.  Le  lanceur  Arlane  4  eat  mal  adapt#  A  l 'orblte  bass#  qui  ast  susceptible,  A  cstte  fpoque,  ds  pr#senter 
des  perspectives  co^srcisle*  IntAreseantes. 

.  L*#roalon  progressive  de  Is  compAt It Ivlt#  du  Isncsur  Arlans  4  conduit  A  rechercher  touts  poeslblllt# 
d'une  nouvtlle  #tape  dans  1 'aba lssement  des  coflta  du  kilogramme  de  charge  uelle  en  orblte. 

Lea  #tudes  de  nouvelles  conf lgurat lone  ont  an  consAquence  At A  entreprises  depuls  trols  ana  sur  les  ob- 


MM 


lectlfa  au lvant a  : 

.  Permettr*  le  lancement  d'une  charge  util*  de  4  *>00  kg  en  orbit*  gtosynchrone  (ou  une  combtnaiaon 
de  deux  voir*  trot*  charges  util**). 

.  Permettr#  un  lancement  d'un#  charge  util*  d*  1  *>  tonn**  en  orbit*  b***e  avec  une  flmblllt£  compara- 
bl*  k  cell*  requta*  pour  1 e*  vole  habltf*. 

.  rtffrlr  un  dtam£tre  util*  »ou*  colff*  d*  m. 

.  Offrtr  un*  reduction  tr^a  aenatbl*  du  rout  du  kilogramme  dc  charge  utile  en  orbit*  par  rapport  I  la 
famltle  Arlan*  4.  forrtlat lv#m*nt ,  *olt  par  I’exlatence  d*  dyrlvts  k  molndre  Importance,  aolt  par  un  cout 
at  tract  If  d*  1*  version  de  be**,  offrlr  un*  bonne  flexibility  commercial*  vlsM-vla  dea  fluctuation*  du  mo- 
dMe  d*  mission. 

n*  nombreuaea  conf igurat tons  ont  ft*  ^tudl^ea  cea  dernlfcrea  annlea  et  le  cholx  devralt  pouvolr  etre  ar 
rety  ml-84  af in  d*  pouvolr  prorfder  aux  ytudea  dytalliy*s  d*  la  configuration  retenua  pour  une  proposition 
d*  dybut  d*  programme  fin  1 W). 

Au  atade  actuel,  cea  Atudea  qu  i  ont  tou)oura  £tt  condultea  avec  le  aouc 1  constant  de  recharcher  dea  op 
tlmlaatlona  condulaant  au  rout  recurrent  minimal,  Impllquent  le  dyveloppement  d'un  groa  moteur  cryotechnlqu 
d*  90  tonnes  de  poua*y«  dana  le  vide.  Dea  Itudes  effectuy**  depula  1981  aur  ce  point  ont  permla  d'arreter 
lea  caractyr 1st Iquea  eaaentlellea  de  ce  nouveau  moteur  dont  le  dtveloppement  vlent  d'etre  propoay  dans  le 
cadre  de  I'Agence  Spat  tale  Europy*nne. 
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’be  capabilities  of  space  systems  to  act  as  force  multipliers  in  the  N A ! U  tactical 
arena  are  meaningless  unless  the  ultimate  user,  the  engaged  Battle  force,  can  pe 
assured  f  their  availability  during  crisis  periods.  the  Soviet  Union  has  expended 
sjSst  i  ! Ml  resources  on  antisatellite  (A CAT)  weapons  and  electronic  countermeasures, 
mc'jiJmq  the  only  demonstrated  operational  ASAi.  the  NA70  countries  must  therefore 
develop  systems  and  strategies  to  protect  their  vital  space  assets. 

inis  presentation  describes  an  overall  strategy  for  providing  a  dispersed, 
\  ji-v  ivable  space  system  in  response  tn  projected  Soviet  threat  capabilities.  the 
physical  and  electro-optical  threats  are  briefly  outlined  and  countermeasures 
proposed.  while  satellite  hardening  must  not  he  ignored,  this  paper  concentrates  on 
strategies  designed  to  deploy  an  interconnected  space/ground  complex  so  large  that 
attack  becomes  impractical  in  terms  of  resources  required  for  effective  neutralization. 

Recognizing  that  space  systems  exist  only  to  support  ground  functions  dictates 
that  ground  networks  must  also  operate  In  crisis  periods.  though  a  few  large  ground 
facilities  may  be  justified  as  cost-effective  in  peacetime,  these  same  facilities 
become  critical  choke  points  in  wartime.  these  vulnerable  nodes  must  be  augmented  by 
a  dispersed  network  of  interoperable  mobile  ground  terminals  Such  as  the 
Tr ansport ab I  e/Hob  i  1  e  Ground  Station  (T/MGS)  capable  of  supporting  a  wide  range  of 
satellites,  and  the  Single  Channel  Objective  Tactical  Terminal  (SCOTT)  which  can  bring 
survivable  space  support  directly  to  troops  in  the  field. 

Support  from  space  systems  will  be  vital  to  the  NATO  battle  commander  of  the 
future.  Efforts  already  underway  to  improve  the  combat  effectiveness  of  those  systems 
wilt  assure  a  dependable  flow  of  critical  communications  and  data  to  the  field 
commander,  providing  perhaps  the  margin  of  victory. 


Satellites  can  provide  invaluable  service  to  tbe  NATO  forces  in  communications, 
positioning,  navigation,  weather  prediction  and  surveillance.  Advancing  space 
technology  will  provide  even  more  extensive  support  in  the  future,  but  as  these  new 
systems  develop  we  must  not  forget  the  real  reason  for  the  existence  of  military  space 
programs.  Military  space  systems  exist  to  support  battle  forces  in  time  of  war.  Any 
other  use  is  incidental  to  this  prime  mission.  Unless  the  engaged  battle  force 
commander  can  be  assured  of  an  adequate  flow  of  timely  and  accurate  data,  military 
space  programs  are  a  waste  of  resources  which  could  be  better  applied  elsewhere. 

This  fact  is  certainly  understood  by  the  Soviet  Union.  The  Soviets  have,  over  the 
past  twenty  years.  Invested  significant  scientific  and  financial  resources  in  the 
development  of  counter  space  weapons  systems.  They  first  demonstrated  an 
an t i s ate  1 1 1 te  (ASAT)  system  with  the  launch  of  Cosmos  249  in  1968.  Since  that  time 
they  have  continually  refined  and  extended  their  capabilities  to  destroy  orbiting 
satellites  with  ASAT  or  laser  weapons,  and  to  interrupt  data  flow  through  physical  or 
electronic  attacks  on  space  system  ground  facilities  and  connecting  links.  The  Soviet 
ASAT  has  been  flown  as  part  of  their  war  games,  and  electronic  countermeasures  (tCM) 
units  are  an  integral  part  of  Soviet  ground  forces.  Although  no  dedicated  ECM  systems 
targeted  against  space  assets  are  currently  known,  the  overall  strategic  Intent  is 
clear.  The  Soviets  Intend  to  be  able  to  stop  the  flow  of  space  system  support  to  NATO 
tactical  units  during  crisis  periods  or  wartime.  (Figure  1) 

The  NATO  powers  must  therefore  develop  systems,  strategies,  and  operational 
procedures  to  protect  their  vital  space  resources  in  response  to  the  growing  Soviet 
counter  space  threat.  In  fact,  such  development  is  well  underway  in  several  areas  of 
technology. 

Satellites  are  being  hardened  against  electronic  and  directed  energy  attacks 
through  the  increasing  use  of  new  techniques  and  materials.  Sensor  optics  are  being 
designed  to  be  more  resistant  to  laser  blinding.  Electronics  are  being  made  more 
reslstent  to  damage  from  electromagnetic  pulse  (EMP).  Communications  links  are 
applying  frequency  hopping  and  spread  spectrum  techniques  to  guard  against 
interception  and  Jamming.  Future  military  satellites  will  likely  Include  greatly 
enhanced  maneuver  capabilities  and  even  protective  systems  such  as  decoys  and  self 
defense  weapons. 
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figure  1.  Wartime  Effectiveness 

in  the  final  analysis,  however,  a  fully  hardened  and  defended  military  satellite 
is  only  a  space  aqb  "Maginot  Line”  if  it  cannot  maintain  its  links  with  the  ground. 

While  satellite  hardening  will  be  vital  to  the  survival  of  military  space  systems  in 
future  wars,  hardening  alone  will  not  produce  the  combat  capable  space  systems 

demanded  for  tactical  operations  of  the  future.  Recognizing  that  military  space 
systems  exist  only  to  support  terrestrial  functions  dictates  that  ground  networks  must 
also  be  able  to  operate  in  time  of  war.  The  overall  military  space  system  includes 
control  facilities,  orbiting  satellites,  users  of  the  data,  and  communications  links 
connecting  these  elements.  If  the  Soviet  targeting  officer  can  successfully  break  the 
continuity  of  data  flow  at  any  point  in  this  system,  he  has  achieved  his  objective, 
i.e.,  the  system  cannot  support  the  tactical  commander.  In  another  sense  the 
targeting  officer's  Job  is  done  if  he  can  cast  sufficient  doubt  in  the  NATO  planner's 
mind  as  to  the  wartime  availability  of  military  space  assets.  If  the  planner  does  not 
e«pect  to  be  able  to  use  an  asset  in  time  of  crisis,  he  is  not  likely  to  include  it  in 

his  war  plans.  An  asset  not  planned  for  use  will  not  be  used  and  the  enemy  wins  by 

default. 

With  this  in  mind  we  now  examine  a  strategy  for  a  possible  military  space/ground 
system  designed  to  frustrate  the  targeter  and  reassure  the  NATO  planner.  This 
strategy  is  based  on  the  following  assumptions: 

a.  Any  element  can  be  attacked. 

b.  Some  elements  are  easier  to  attack. 

c .  Attack  resources  are  finite. 

d.  An  attack  is  not  successful  if  the  damaged  element  can  be  bypassed  so  that 
the  tactical  force  is  still  supported. 

e.  To  be  rated  as  combat  capable,  a  space  system  must  be  able  to  supply 
dependable  support  to  engaged  battle  forces. 

Targeting  can  be  considered  in  terms  of  feasibility  and  cost/benefit  analysis.  An 
element  of  a  military  system  which  is  too  expensive,  in  terms  of  resources  required 
for  its  destruction,  will  not  likely  be  high  on  an  enemy  target  list  if  the  system  can 
be  defeated  by  attacks  on  some  other  element.  for  this  reason,  hardened  satellites 
represent  a  much  less  attractive  target  than  ground  elements  of  current  military  space 
systems.  Orbital  vehicles,  if  properly  protected  from  laser  and  ECU  attack,  are 
vulnerable  only  to  other  orbital  vehicles.  While  this  is  certainly  possible,  it  would 
be  extremely  costly  strategy  requiring  one-on-one  attacks  by  expensive  ASAT  systems 
launched  in  a  short  time  period.  Given  the  cost  of  space  boosters  and  ASATs  and  the 
limited  number  of  launch  sites  suitable  for  such  system,  the  targeting  officer  will 
probably  look  for  a  more  effective  attack  mode. 

Ground  systems  and  their  connecting  links  to  other  system  elements  would  seem  to 
offer  a  much  more  lucrative  target.  Military  space  ground  systems  today  typically  are 
designed  for  efficient  operation  during  peacetime.  A  central  control  element  operates 
one  or  more  ground  terminals  which  perform  such  satellite  support  functions  as 
tracking,  telemetry,  readout  and  commanding  of  the  orbiting  vehicle.  In  many  cases 
these  ground  facilities  are  located  in  easily  accessible  areas  making  them  highly 
vulnerable  to  either  physical  or  electronic  attack  at  low  cost  and  with 

unsophisticated  technology.  Their  large  ?0'  -  60'  antenna  dishes  make  them  easy  to 
locate  either  from  the  ground  or  from  reconna 1 s sance  satellites.  They  emit  powerful 
and  distinctive  electronic  signatures  for  location  by  Electronic  Intelligence  (CLINT) 
collectors,  and  present  a  known  and  stationery  target  for  missiles,  bombers,  or 
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\  t :  1 1 1  !■  ,i  i  .  Ih.'uqh  a  few  larq«*  qrouml  facilities  may  be  justified  as  cost  effective 
'  it  iwjiftnif  research  and  development,  thpse  same  facilities  become  critical  choke 
;’>”ets  'n  time  of  ear.  1  he  military  space  system  must  therefore  he  designed  to 

minimi  ye  dependence  on  fixed  ground  support. 

"hts  t  n  d  <i  pendent  e  from  fixed  ground  facilities  is  proceeding  along  two  (?) 
Ji'd  on  t  paths,  autonomous  satellites,  and  mobile  ground  support.  These  strategies 
should  tie  seen  as  r  nmp  1  empn  t  ar  y  rather  than  competitive,  and  will  be  discussed  in  turn, 

“Satellite  autonomy"  is  often  used  to  describe  the  ultimate  level  of  satellite 

svstem  survivability.  As  the  term  is  generally  used,  autonomy  means  on-board  task 

execution  and  decision  making  for  up  to  60  days,  assuming  normal  spacecraft 
performance.  This  capability  does  not  Currently  exist,  although  limited  fault 
deter ti.m  and  correction  and  routine  maintenance  functions  can  now  be  performed 

automatically  on-board.  Expanding  these  rudimentary  functions  is  dependent  on 
advancement s  in  f au It -tolerant  computer  technology.  Autonomous  stationkeeping  and 
navigational  functions  have  been  demonstrated  by  Lincoln  laboratories  in  their  Lincoln 
1  x per i men t a  1  Satellites  (LtS),  but  further  developments  and  flight  demonstrations  are 
needed  before  these  techniques  are  widely  employed.  Adaptive  mission  sequencing  in.J 
payload  data  processing  still  need  substantial  development  work  before  they  are 
routinely  designed  into  satellites. 

fiqure  graphically  illustrates  how  the  "health"  of  satellites  degrades  over  time 
if  ground  support  is  unavailable.  This  graph,  based  on  a  study  by  Aerospace 
i orpurat  ion  in  igSO,  assumes  that  all  satellites  are  performing  normally  during  the 
loss  of  ground  contact.  it  could  be  argued  that  the  slope  of  the  degradation  curves 
may  he  much  worse  in  wartime.  Satellites  are  typically  unhealthy  machines  and  it  is 
unlikely  that  all  military  space  vehicles  will  be  in  perfect  condition  when  ground 
support  is  lost.  We  could  also  expect  that  our  opponents  would  take  positive  action 
to  degrade  the  health  of  those  systems  which  were  in  good  condition.  Electronic 
countermeasures,  directed  energy  weapons,  e  1  ec t r oma gn e t  i  c  pulse  etc.,  will  take  a  toll 
on  nur  space  systems  not  reflected  in  the  curves  shown  in  Figure  ?. 


MONTHS  AFTER  GHOUNO  CONTROL  IS  LOST 
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Figure  ?.  How  Autonomous  are  Satellites  Now? 

As  desirable  as  autonomy  ts  for  space  systems,  it  cannot  at  least  in  the  next  few 
decades,  completely  replace  ground  resources.  Figure  3  shows  one  possible 
evolutionary  trend  for  autonomy  through  the  year  ?000.  Increasing  hardware  and 
software  capabilities  on-board  the  satellite  will  markedly  decrease  Its  dependence  on 
ground  stations,  but  ground  support  will  still  be  needed  for  on-orbit  checkout  and 
testing,  to  provide  for  mission  flexibility,  and  for  the  correction  of  unplanned 
anomalies  in  critical  situations.  Just  as  importantly,  for  satellite  systems  to  be 
useful  to  tactical  forces  they  must  maintain  links  to  those  forces,  either  directly  or 
through  other  space  of  ground  elements,  through  the  highest  appropriate  conflict 
level.  A  fully  autonomous,  perfectly  performing  satellite  which  cannot  deliver  its 
data  to  an  appropriate  ground  element  ts  totally  useless  as  a  military  system. 


j  f>  i  m  ••  -  »  n  ii  i»  t  in  t  lie  f  n  r  *'«,»»»•  a  b  1  •*  f  ;j  t  i  r  o  s  *•  v  »» r  i.njr  linn',  1. 1  >  q  r  o  14  n  (1  t.  **  r  m  1  n  a  I  «,  ,  w  »* 
^  t t  1  m  *m  t  n  >i  r  4tt»'nt  inn  to  t  hr  prnt.pf  t  ion  of  t  hp'.p  linns  in  M4r  t  unp  .  We  most 
t  f  .1  s  t  r  a  X  *'  the  targeting  off  11  nr  t>  y  p  r  »>  v  1  d  l  n  g  a  %  t)<H  k  up  to  our  I  a  r  q  p  ,  v  u  I  n  1?  r  a  b  I  f*  fixed 
f  -i  >  1  1  1  t  1  *•  s  .i  <1  j  s  p»*  r  s  J  1  n  t  **  r  -  c  on  nee  t  ed  nptworn  o  f  small  transportable  ground 

■.  v  >  t  em s  1  *•  p *» n  .]  1  r.  q  nr.  proliferation,  mobility  and  c.  o n c  <■  a  1  me n  t  for  t  h p  1  r  survival.  The 
term  "  n  *»  t  m  o  r  k  "  is  part  u  u  I  ar  1  y  apt  in  this  (.ontPxt  a  S  shown  in  f  1  q  u  r  e  4  .  The 
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f  1  qur«*  1.  [volution  T  0  w  a  r  d  s  Autonomous  Spacecraft 


figure  4.  Combat  Capable  Space  System 

targeting  officer  may  be  able  to  make  holes  In  the  net  but  a  large  number  of  small, 
dispersed  nodes  must  be  successfully  attacked  to  destroy  the  overall  system  fabric. 
f ur thermore ,  the  mobility  of  the  ground  elements  implies  that  the  network  is 
constantly  shifting  and  changing  In  shape  and  location,  so  that  reconnaissance 
information  only  a  few  hours  old  is  invalid.  Where  the  enemy  had  only  to  destroy  a 
single,  known,  static  facility  to  render  a  space  system  incapable  of  tactical  support. 
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Mi-  i  <■  urn,  f  jri'i!  with  tic  .1 1  mu  \  t  impossible  task  of  locating,  targeting,  and  attacking 
i  number  of  mobile  facilities  which  are  routinely  moved  to  new  positions  In  less  than 
the  1  in.  at  e  - 1  ir  ge  t  -  a  1 1  a<  k  -  k  1  1  1  cycle  time. 

These  mot.  lie  ground  systems  i  an  he  divided  for  discussion  into  two  groups  by  the 
type  of  system  support  they  provide.  The  first  group  provides  the  telemetry, 

tracking,  and  commanding  (  T  T  M  |  support  needed  to  m  a  I n  t  a  I n  the  satellite  and  correct 
,i'iv  accidental  or  man-made  anomalies.  The  second  group  provides  direct  contact 

between  the  satellite  and  the  user  of  its  services,  such  as,  communications, 

navigation,  etr.  in  the  future  more  and  more  of  these  user  terminals  will  be  located 
directly  with  the  tactical  < oi.es  they  support.  Ihe  first  group  is  represented  here 

tv  t  "  e  T  r  a  n  s  por  t  ab  1  e  ;  Mob  i  1  e  ground  station  ( 1 /MGS ]  (figure  bj  and  the  second  group  ti  y 
the  '.ingle  i  h  ami  e  I  lib  j  ec  t  i  v  e  Tactical  Terminal  (  S  (  U  T  T  )  (figure  6  I  .  these  are  examples 
t  the  systems  which  will  anchor  the  two  ends  of  the  combat  capable  space  network  of 
the  future. 


figure  b .  TMGS 

Although  spacecraft  may  have  unique  requirements,  most  have  similar  needs  for  T  T  i  (. 
support  and  most  military  systems  are  supported  by  the  Air  Force  Satellite  Control 
facility  (AFSCft  c  ommon  user  network  in  either  a  prime  or  backup  mode.  Ihe  T/MGS  is 
being  developed  to  provide  TTAl  support  for  the  great  majority  of  the  programs  in  the 
AfbtF  mission  model,  some  eleven  different  satellite  systems.  The  initial  T/MGS,  to 
be  delivered  in  Dec.  198b,  will  utilize  state-of-the-art  technology.  Models  to  follow 
will  incorporate  Pre-Planned  Product  Improvement  (P^I)  modifications  to  respond  to 
better  defined  threats  and  operational  requirements.  For  example,  the  T/MGS  could 
have  an  IHF  capability  as  early  as  requirements  dictate.  This  would  allow  for  a 
smaller,  more  survivable  ground  station,  but  at  the  Current  time  military  satellites 
are  not  using  EHF,  so  T/MGS  will  have  an  S-band  system. 

Performance  goals  for  tne  Initial  system  scheduled  for  delivery  in  December  198b 
i  nc  1  ude  : 

o  Support  to  low,  medium  and  geostationery  altitude  satellites 
o  Stand-alone  TTll  data  processing 

o  Voice/data  communications  with  Air  Force  Satellite  Control  Networks  (AFScN) 
and  users 

o  Use  of  government  furnished  software 

u  G/T  :  16.8  d8/k 

o  E  I  HP  :  98. 3  dBm 

o  Maximum  telemetry  data  rate  of  1/8  kb/s 

o  Maximum  command  data  rate  of  i  kb/s 

o  Network  communications  via  wideband  and  narrowband 
o  OSCS  satellite  communications  via  X-band  SATCUM  terminal 
o  S-band  communications  relay  at  3?-2b6  kb/s 
o  Mean-time  between  failures  goal  of  396  hours 
o  Mean-time  to  repair  goal  of  4  hours 
o  Maximum  utilization  of  off-the-shelf  equipment 
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Figure  6.  SCOT  T 

He  1 /MGS  is  designed  to  operate  either  in  a  stand-alone  mode  or  in  conjunction 
with  other  filed  or  mobile  TT4C  centers.  It  can  receive,  Store,  and  forward  data 
using  the  S-Band  Mission  2  2  relay  or  it  can  be  configured  as  a  "bent-pipe",  passing 
data  from  a  satellite  or  another  control  station  through  to  another  element  with  no 
local  processing  or  delay.  The  T/M6S  is  also  capable  of  supporting  the  TT&C 
requirements  of  programs  which,  due  to  their  survivability  requirements,  have  mobile 
mission  data  processing  systems  operated  in  accordance  with  the  survivability  concept 
developed  for  the  particular  satellite  system. 

The  T /MGS  will  be  air  transportable  in  C-130  aircraft  and  will  be  ground  mobile 
over  reasonable  road  surfaces.  It  will  be  self  sufficient  in  both  power  generation 
and  communications.  Protection  from  electromagnetic  pu)se(EMP)  will  be  designed  into 
the  overall  system  ano  the  appropriate  subsystems.  The  T/MGS  is  not  required  to 
operate  while  in  transit  but  will  be  assembled,  operated,  disassembled,  and  moved  to  a 
new  location  as  circumstances  demand.  Erection  and  tear-down  times  must  therefore  be 
kept  as  short  as  practical  to  maiimlye  both  survivability  and  operational 
effectiveness. 

As  the  T/MGS  program  progresses,  a  pre-planned  product  improvement  effort  (P^l) 
will  proceed  In  parallel  to  incorporate  appropriate  new  technological  advancements  at 
minimum  cost  and  risk,  commensurate  with  evolving  threats  and  system  performance 
requirements.  Constant  advances  In  m  1  c ro -c i rc u  1 1  design  should  dramatically  reduce 
the  size  and  power  requirements  of  future  electronic  systems.  As  the  data  system  for 
a  T/MGS  shrinks  from  the  size  of  a  trailer  to  the  size  of  a  desk,  it  will  require  much 
less  Support  from  power  generation  and  air-conditioning  systems  so  that  these  too  can 
be  smaller.  The  transition  to  higher  frequencies  such  as  EHF  allows  for  much  smaller 
ground  antennas  on  the  order  of  one  or  two  meters  rather  than  the  2  to  10  meters 
required  for  the  current  S-band  system.  This  will  yield  a  further  reduction  in  the 
size  of  the  ground  station  and  more  Importantly,  eliminate  the  need  to  disassemble  the 
station  for  road  mobility,  thus  greatly  Increasing  system  survivability  and 
operational  availability.  As  these  smaller,  more  mobile,  and  probably  less  eipensive 
stations  proliferate,  trade  studies  will  be  necessary  to  determine  whether  they  should 
be  structured  into  program-dedicated  or  common-user  networks  to  best  support  military 
space  systems. 

Still,  in  the  content  of  space  support  to  tactical  operations,  survivable  THC  is 
only  one  part  of  the  overall  system.  To  be  combat  capable,  a  space  system  must 
reliabily  deliver  its  product  to  the  battle  force  element  in  need  of  its  service. 
This  requires  that  the  tactical  unit  be  provided  with  the  necessary  equipment  to 
access  the  space  system.  Such  equipment  could  be  as  simple  as  a  handheld  receiver  for 
position  determination  using  the  Global  Positioning  System  (GPS),  to  large  shipboard 
terminals  to  receive  communications  and  weather  data  from  satellite  systems.  The 
Single  Channel  Objective  Tactical  Terminal  (SCOTT)  falls  somewhere  between  these  two 
eitremes  and  presents  an  Interesting  preview  of  future  tactical  access  to  space  assets. 


Thp  M  Dl!  is  heinq  developed  by  the  U.S.  Army  to  operate  mth  the  MUSTAR 
surytvahle  military  communications  satellite.  The  MlLSTAR  system  will  operate  in  the 
IMF  band  at  /tl-44  (I  H  /  and  will  provide  much  more  secure  and  jam  resistant 
communications  than  are  currently  available.  The  SCQ1T,  either  track  vehicle  mounted 
as  shown  in  fiqure  b  or  in  some  other  appropriate  configuration,  is  the  tactical 
commander's  link  with  the  world  through  the  M1LSTAK  networks. 

'he  Army  requirement  for  IHF  stems  from  its  basic  communications  requirement. 
Objectives  defined  in  the  beginning  of  SCUM'S  development  include  making  the  terminal 
highly  mobile,  and  easy  to  operate.  Survivability  is  a  priority,  as  is  reliability, 
maintainability,  and  support  ability.  It  will  also  be  required  to  interoperate  with 
1  R  i  T  A ;  equipments.  iirially,  all  of  this  needs  to  be  wrapped  in  an  affordable  package 
bee  a  use  of  the  large  number  of  SCOT!  terminals  being  considered. 

The  ground  seqment  consists  of  one  rack  of  transmission  equipment,  the  antenna 
system,  and  ancillary  equipments.  These  three  subqroups  will  be  installed  in  any  of 
the  ii  r  rent  shelters,  the  S-r'SO  mount  Pt)  on  the  S/A  ton  truck  the  S-Z80  mounted  on  a  i 
1  .  ton  truck,  and  the  M-s 11  command  track  vehicles.  Two  advanced  development  models 
are  currently  being  fabricated  at  Massachusetts  Institute  of  Technology's  Lincoln 
laboratory,  one  of  these  will  be  installed  in  the  track  vehicle  configuration. 

,  jrrent  weight  estimates  range  between  400  lbs  and  SOU  lbs;  however,  more  definitive 
weidht  studies  are  nnw  in  progress. 

Ine  antenna  system  includes  the  transmitter  and  small  dish  antenna  witn  a  dual 
frequency  feed.  The  canister  will  be  mounted  on  the  vehicle  in  such  a  way  as  to 
permit  removal  for  remote  operation.  Two  such  configurations  are  currently  being 
considered  for  the  M -bl  >  track  vehicle.  The  earlier  concept  has  the  canister  dropped 
into  an  armor  bin,  located  at  thp  front  curbside  corner  of  the  vehicle.  This  same  bo* 
would  also  house  the  paqing  antenna,  designed  to  allow  SCOTT  to  be  alert  in  motion.  A 
more  recently  proposed  c on f  i  qur a t i on  would  have  the  antenna  canister  dropped  in  a 
build-in  canister,  located  at  the  rear  curbside  corner  of  the  vehicle. 

S  i  0  T  T  operation  begins  with  satellite  acquisition.  The  operator,  knowing  his 
location  within  1(J  km,  can  make  successful  acquisition.  The  acquisition  process 
includes  raising  the  antenna  dish,  then  rotating  the  dish  until  the  satellite  is 
acquired.  SCOTT  is  then  ready  for  transmission  by  up  to  four  users.  Ihe  terminal  can 
he  used  to  provide  the  full  range  of  space  services  to  the  ground  force  commander, 
including  communications  with  other  units  or  with  higher  headquarters  anywhere  in  the 
world. 

Tne  T/M&S  and  StUTT  terminals  are  only  two  of  the  more  obvious  sources  of  space 
support  to  the  tactical  commander.-  Once  tactical  planners  gain  more  confidence  in  the 
survivability  of  space  system  in  wartime,  even  more  ways  will  Surely  be  found  to  apply 
space  support  as  a  force  multiplier.  U.  $ .  military  planners  are  even  now  considering 
space  as  the  “high  ground  Of  the  future".  NATO  planners  cannot  afford  to  do 
otherwise;  these  emerging  capabilities  must  be  used,  and  used  wisely-  Survivable 
space  systems  made  up  of  mobile  ground  support,  hardened  cross-linked  satellites,  and 
proliferated  tactical  access  terminals  may  well  provide  the  margin  needed  for  victory 
in  some  future  conflict. 


I  he  diMuwon  which  billow  iil  (hie  presentation  appear'  in  classified  public  alum  (  PT44  (Supplement) 
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Abstract 


The  SPOT  progratnne  under  the  auspices  of  the  French  National  Space  Agency 
(CUES) ,  is  Implemented  by  France  in  association  with  European  partners 
(Belgian  and  Sweden).  It  comprises  the  earth  observation  satellites  and 
the  ground  receiving  stations. 


The  first  satellite,  due  far  launch  In  198  5,  will  carry  a  payload  comprising 
two  Identical  HRV  (High  Resolution  Visible)  Instruments  using  CCD  linear 
arrays  technology.  These  will  make  linages  of  the  earth  with  a  sanpllng 
step  of  20  meters  In  three  color  bands  In  the  visible  range  and  In  the  near 
Infrared,  and  with  a  sampling  step  of  10  meters  In  a  broad,  panchromatic 
band  :  l.e.  In  black  and  white.  This  configuration  Is  suitable  for 
observing  the  small  agricultural  plots  found  in  many  countries.  It  also 
satisfies  sane  conventional  cartographic  requirements. 


Each  Instrument  has  a  flat  mirror  which  can  steer  the  line  of  sight  In  a 
plane  perpendicular  to  the  track  of  the  satellite.  The  steering  rarge  is 
+  27°  about  the  geanatrlc  direction.  In  91  discrete  steps  of  0.6°,  this 
translates  on  the  ground  as  a  geographic  band  of  up  to  475  kilometers  on  either 
side  of  the  satellite's  ground  path  to  be  explored.  Due  to  the  curvature 
of  the  earth,  the  maximum  angle  of  Incidence  with  the  ground  is  33°. 


The  sldelooklng  capability  will  allow  the  satellite  to  observe  any  region 
of  the  Earth  at  Intervals  of  one  to  several  days,  thus  allowing  relatively 
fast  changing  phenomena  to  be  monitored.  It  will  also  be  possible  to  provide 
far  stereoscopic  vision  by  associating  views  taken  from  different  argles. 


The  SPOT  satellite  has  a  total  mass  of  approximately  1750  kg  at  the 
beginning  of  its  life,  and  will  be  placed  In  a  sun  synchronous,  circular 
orbit  at  83 2  ton  altitude  by  the  European  Ariane  satellite  launcher. 
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The  ncminal  lifetime  of  the  first  satellite  is  two  years.  A  second  satellite. 
Identical  to  the  first  one,  has  already  been  ordered  for  a  launch  nominally 
In  1986  in  replacenent  of  the  first  one.  Further  satellites  to  provide 
continuity  of  service  over  a  longer  period  of  time  are  under  consideration. 


SPOT  will  be  used,  among  many  applications,  for  : 

.  studies  on  Land  use  and  the  evolution  of  the  envirorment 
.  evaluation  of  renewable  natural  resources  (agriculture,  forestry) 

.  assistance  in  surveying  mineral  resources 

.  median-scale  mapping  In  the  range  of  1:100.000,  map  updating  at  scales 
about  1/50.000,  and  preparation  or  updating  of  thematic  maps  at  scales 
from  1:50.000  to  1:25.000. 


The  organisation  for  SPOT  data  marketing  and  distribution  relies  on  the 
SPOT  IMAGE  Company  which  is  established  as  a  subsidiary  of  ONES  and  other 
french  agencies  and  corporation  involved  in  land  remote  sensing  activities. 
SPOT  IMAGE  will  distribute  on  a  ccranercial  basis  the  SPOT  data  recorded 
on  board  the  spacecraft  and  transmitted  to  central  receiving  facilities 
in  Tbulouse  (France)  and  Klruna  (Sweden).  In  addition,  direct  broadcastirg 
to  foreign  receiving  stations  is  being  encouraged  in  order  to  Improve  data 
distribution  on  a  national  or  regional  basis. 


SPOT  might  very  well  be  the  first  truly  operational  land  renote  sensing 
satellite  system,  although  other  progranmes  are  on  the  planning  stage 
both  In  the  (J.S.  (post  Landsat-O)  and  Japan  (EPS  program*).  Although 
primarily  a  civilian  applications  oriented  program*,  the  technology  base 
it  will  use  may  be  of  value  for  surveillance  or  reconnaissance  applications. 


1  -  THE  SPOT  PROCRAM 

The  SPOT  program  has  been  planned  and  designed  as  an  operational  and 
commercial  system.  Decided  by  the  French  government  m  1978,  with  the 

participation  of  Sweden  and  Belgium,  the  program  is  managed  by  the  French 

Space  Agency  (CNES)  which  is  responsible  for  the  system  development  and 
satellite  operations.  SPOT  1  will  be  launched  in  early  1983  and  SPOT  2,  to  be 
available  for  launch  in  early  1986  is  also  under  construction.  Plans  are  being 

made  for  the  launch  of  SPOT  3  and  4  already  in  1988  onwards  in  order  to 
ensure  the  necessary  service  continuity  expected  from  an  operational  spaceborne 
remote  sensing  system.  Indeed  it  is  essential  that  new  systems  be  operational 

over  a  sufficiently  long  period  (at  least  10  years)  to  allow  the  development  of 

applications  in  those  areas  where  remote  sensing  is  not  yet  widely  used. 

The  institutional  organization  of  the  SPOT  operations  has  also  been  set  up. 
CNES  is  in  charge  of  spacecraft  procurement,  launch  and  operation  and  SPOT 
IMAGE,  a  commerical  corporation,  in  charge  of  data  distribution  and  ail 
commercial  relations  with  data  users.  SPOT  IMAGE  is  developing  a  network  of 

agents,  distributors  and  subsidiaries  to  serve  local  markets;  it  is  in  the  process 

of  finalizing  a  pricing  policy  for  SPOT  data  which  is  based  on  eventual  complete 
cost  recovery  for  the  system  (both  investments  amortization  and  operations 

expenses).  Market  studies  indicate  that  this  objective  can  be  reached  within  the 
next  ten  years  if  the  market  develops  as  expected. 


2  '  THE  SPOT  SYSTEM  AND  DATA  DISTRIBUTION 
2.1  SPACECRAFT  CHARACTERISTICS 

The  SPOT  spacecraft  carries  two  identical  sensors,  called  HRV  (Haute 

Resolution  Visible),  made  of  static  solid  state  arrays  of  detectors  (CCD)  and 
operating  in  the  visible  and  near  infrared  part  of  the  spectrum.  Among  the 
innovative  features  of  SPOT  are  the  relatively  high  ground  resolution  of  the 
imagery  it  will  produce  (10  m  in  the  panchromatic  mode,  20  m  in  the 

multispectrai  mode)  and  the  ability  of  its  sensors  to  point  up  to  27  degrees 
East  and  West  of  the  local  vertical  axis.  This  latter  feature  offers 
interesting  possibilities  to  increase  the  number  of  opportunities  to  obtain 
views  of  a  given  area.  It  also  permits  stereoscopic  observations  by  combining 
views  taken  at  different  angles  from  the  vertical  and  therefore  opens  up  the 

possibility  of  third  dimension  (or  altitude)  determination,  an  important 

requirement  for  cartographic  applications.  The  principal  characteristics  of 
SPOT  are  summarized  in  table  I. 

Swathwidth 

the  two  identical  sensors  (HRV)  can  be  activated  independently.  Each 
instrument  has  a  swathwidth  of  60  km.  When  the  two  instruments  operate  in 
adjacent  covering  field,  the  ground  coverage  is  117  km. 

Imaging  Modes 

SPOT  operates  in  two  modest  multispectrai  mode  and  panchromatic  mode. 

In  the  multispectrai  mode,  observations  are  made  in  three  spectral  bands  with 
a  pixel  size  of  20  meters. 

.  a  green  band  from  .3Qpm  to  .39pm 

.  a  red  band  from  .61pm  to  .6 Vim 

.  a  near  infrared  band  from  .7$im  to  .SSjum 


SPOT  :  PRINCIPAL  CHARACTERISTICS 


ORBIT 


HAUTE  RESOLUTION 
VISIBLE  (HRV) 


IMAGES 

TRANSMISSION 


WEIGHT 

SIZE 


Circular  at  832  km 
Inclination:  98,7  degrees 
Descending  node  at  lOh  30mn  A.M. 
Orbital  cycle:  26  days 

Two  identical  instruments 

Pointing  capability:  t  27  degrees  East 

or  West  of  the  Orbital  plane 

Ground  swath:  60  km  each  at  vertical 

incidence 

Pixel  size: 

.  10  m  in  panchromatic  mode 
.  20  m  in  multispectral  mode 
Spectral  channels: 

•  panchromatic:  .31  to  .73  jam 
.  multispectral:  .30  to  .39  jjm 
.61  to  .68  jim 
.79  to  .89  jam 

Two  on  board  recorders  with  23 
minutes  capacity  each 
Direct  broadcast  at  8  GHz 
(50  Mbits/sec) 

1750  kg 

2  x  2  x  3.5  m  plus  solar  panel  (9  m) 


Table  1 
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In  the  panchromatic  mode,  observations  are  made  in  a  single  broad  band, 
from  .5ljjm  to  .7 3ym  with  a  pixel  size  of  10  m. 

The  multispectral  bands  have  been  selected  to  take  advantage  of 
interpretation  methods  developed  over  the  last  ten  years;  they  have  been 
designed  to  allow  the  best  discrimination  among  crop  species  and  among 
different  types  of  vegetation  using  three  channels  only. 

The  panchromatic  band  will  offer  the  best  geometric  resolution  (10m)  and 
will  make  possible  to  comply  with  cartographic  standards  for  maps  at  a  scale 
of  1:100,000  and/or  to  update  at  a  scale  of  1:50,000  and  in  some  cases 
1:25,000  for  thematic  applications. 

Field  pointing  flexibility,  Nadir  and  off  nadir  viewing 

<5neofthe  key  feature!  of  SP6T  is  the  steerable  mirror  which  provides  off 
nadir  viewing  capability.The  instrument  can  be  titled  sidewards  (to  the  East 
or  to  the  West)  step  by  step  from  0  to  27  degrees  allowing  scene  centers  to 
be  targeted  anywhere  within  a  950  km-wide  strip  centered  on  the  satellite 
track. 

This  technique  provides  a  quick  revisit  capability  on  specific  sites.  For 
instance,  at  the  Equator,  the  same  area  can  be  targeted  7  times  during  the 

26  days  of  an  orbital  cycle  i.e.  9S  times  in  one  year,  with  an  average 

revisit  period  of  3.7  days.  At  latitude  45  degrees,  the  same  area  can  be 
targeted  11  times  in  a  cycle  i.e.  157  times  in  one  year,  with  an  average 
period  of  2.4  days,  a  maximum  timelapse  of  4  days  and  a  minimum 
timelapse  of  1  day  (Fig.  1). 

The  revisit  flexibility  allows 

1.  to  monitor  phenomena  which  rapidely  vary  over  time,  such  as  crops, 
environmental  stresses,  natural  disasters. 

2.  to  improve  the  possibility  of  obtaining  timely  data  required  in  many 

studies 

3.  to  improve  the  rate  of  area  coverage  by  minimizing  the  effects  of 

weather  conditions. 

Figure  2  illustrates  the  variability  to  obtain  a  complete  coverage  of  France 
using  cross-track  viewing  capability.  At  vertical  viewing  the  coverage  is 
obtained  in  313  days,  and  in  100  days  only  if  the  depointing  mode  is  used. 
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Figure  2:  Time  required  to  obtain  a  complete  coverage  of  France 
"lor  different  maximum  cross- track  viewing  capabilities 


Stereoscopy 

fBY'BH  nadir  viewing  capability  also  permits  stereoscopic  observations  by 
combining  views  taken  at  different  angles  from  the  vertical.  The  3D  vision 
is  obtained  with  the  same  area  recorded  from  two  different  orbits,  creating 
a  parallax  effect  between  the  two  scenes.  Stereopairs  are  an  important 
requirement  m  many  cartographic  applications:  geomorphical,  geological  or 
soil  maps  and  of  course  for  topographic  maps.  SPOT  will  provide  the 
opportunity  to  map  anywhere  in  the  world  with  a  mapping  accuracy 
corresponding  to  the  1:100,000  standards. 

Images  transmission 

fifrect  "Broadcasting  operates  at  8  GHz  at  a  rate  of  50  Mbits/sec.  The 
satellite  carries  two  on  board  recorders  with  a  23  minutes  capacity  each. 
On  board  data  recording  will  be  used  over  areas  where  no  ground  receiving 
facility  are  available. 


2.2  DATA  ACQUISITION,  PREPROCESSING  AND  DISTRIBUTION 

Information  availibility  through  easy  and  quick  access  to  data  and  products 
is  a  very  important  factor  in  operational  procedures.  The  system 
implemented  for  data  acquisition  as  well  as  data  distribution  has  been 
conceived  to  meet  the  user  needs  and  SPOT  customers  are  given  an  active 
part  in  the  system. 

Basic  principles  are: 

-  a  permanent  information  regarding  data  availibility 

-  a  flexibility  "on  request"  data  acquisition 

-  a  fast  data  and  products  distribution,  based  on  a  non  discriminatory  policy 
and  the  definition  of  marketing  zones  between  SPOT  IMAGE  and  various 
distribution  centers 

-  the  protection  of  SPOT  data  by  a  copyright 
2.2.1  SPOT  ground  segment 

The  SPOT  system  consists  of: 

-  a  satellite  mission  and  control  center  operated  by  CNES 

-  two  main  ground  receiving  stations  and  preprocessing  centers  located  at 
Aussaguel  near  Toulouse,  France  and  at  Esrange-Kiruna  in  Sweden.  These 
stations  receive  direct  data  over  the  North  polar  zone,  Europe  and  North 
Africa  as  well  as  worldwide  data  recorded  on  the  two  satellite  tape 
recorders.  Each  station  has  a  receiving  capacity  of  250  000  scenes  per 
year. 

The  preprocessing  centers  attached  to  both  stations  and  operating  in 
Sweden  and  in  France,  have  a  capacity  of  70  system  corrected  (level  1) 
scenes  per  day  or  20  precision  processed  (level  2)  scenes  per  day.  A  level 
1  scene  can  be  preprocessed  within  48  hours  from  its  acquisition  at 
the  ground  station,  while  a  precision  processed  scene  requires  5  to  7 
days. 

-  a  network  of  regional  receiving  stations  located  around  the  world.  These 
stations  have  concluded  reception  agreements  with  SPOT  IMAGE. 
Acquisition  programs  over  the  visibility  area  of  each  station  is  made  by 
station  operators  and/or  SPOT  IMAGE. 

-  a  distribution  network  managed  by  SPOT  IMAGE  on  the  basis  of 
commercial  agreements  and  marketing  areas.  Distribution  involves  standard 
data  as  well  as  value-added  products. 


2.2.2  Data  bank  information:  the  catalog  system 

SPOT  IMAGE  will  build  up  a  general  catalog  of  SPOT  images  which  will 
contain  data  concerning  images  received  and  archived  by  all  stations  in  the 
world.  The  catalog  system  is  fully  computerized  and  designed  to  operate  24 
hours  a  day,  365  days  a  year.  It  will  contain  for  each  scene,  information 
concerning:  the  location  (geographical  coordinates,  orientation,  etc...), 

acquisition  mode  (multispectral,  panchromatic,  viewing  angle,  stereopair), 
scene  identification  (grid  number,  date),  quality  (telemetry,  cloud  cover), 
archived  products  already  available. 

The  SPOT  catalog  will  offer  users  a  wide  range  of  options  concerning  the 
processing  and  presentation  of  catalog  data.  It  includes  statistical 
calculations  concerning  image  characteristics,  definition  of  image  families 
and  scene  selection  according  to  various  criteria;  alphanumeric  or  graphic 
display  will  be  available.  Besides  scene  characteristics  and  image  selection, 
the  system  will  analyze  users  data  requests,  record  and  manage  data  orders 
and  manage  the  data  acquisition  programs. 

Users  will  access  the  catalog  directly  in  Toulouse,  by  conventional  means 
(mail,  telephone,  telex)  or  through  data  transmission  network  (Trans  pac, 
Euronet,  Tymnet,  Telenet,  Datapac,...). 

Information  exchanges  between  SPOT  IMAGE  and  SPOT  data  users  will  also 
be  possible  through  an  electronic  mailbox  system.  With  an  electronic  key, 
users  will  be  able  to  deposit  in  the  catalog  system  memory  messages 
regarding  requests  for  information,  programming  or  orders.  Stored  messages 
will  be  read  over  every  6  hours  and  the  replies  deposited  at  users  disposal. 
For  users  convenience,  it  is  expected  that  at  least  one  point  of  contact  by 
country  (SPOT  distributor)  should  be  equiped  with  a  fast  transmission  link  to 
the  SPOT  IMAGE  worldwide  catalog. 

2-2.3  Data  acquisition 

This  is  an  innovating  feature  of  the  SPOT  system.  When  an  image  is  not 

available  in  archive  or  when  a  SPOT  user  wishes  to  acquire  specific  data 

with  a  specific  time  scheduling,  he  can  request  a  SPOT  acquisition  program. 
For  this,  the  user  can  apply  directly  to  SPOT  IMAGE  (via  the  catalog 

system)  or  to  a  local  receiving  station  or  to  a  local  SPOT  IMAGE 

distribution  center. 

According  to  the  case,  the  user  may  request: 

•  unique  coverage  obtained  during  a  certain  period  of  the  year 

-  multi  temporal  coverage,  meaning  a  number  of  coverages  acquired  at 
different  periods, 

-  stereoscopic  coverage,  i.e.  two  coverages  acquired  in  specified  conditions 
in  relation  to  the  viewing  angles  used. 

To  do  this,  the  user  must  first  define  the  geographical  area  to  be  covered, 
in  the  form  of  geographical  coordinates,  of  a  polygon  or  a  circle. 

For  each  coverage  the  user  wants  to  obtain  he  must  then  indicate  the 
general  characteristics  and  constraints  relative  to  image  recording  and 
especially: 

-  image  recording:  mode  multispectral  and/or  panchromatic 

-  image  recording  periods, 

•  the  viewing  angle  or  the  range  of  variation  comprised  between  -24*6 
and  ♦24*6, 

-  the  cloud  cover  threshold  accepted  from  0  to  2  per  quarter  of  an  image, 

-  eventually,  the  gain  to  be  applied  to  detectors;  2  possibilities:  low  and 
high. 


According  to  the  user'  $  needs,  which  are  translated  into  programming 

parameters,  SPOT  IMAGE  carries  out  a  technical  feasibility  study  of  the 

request  in  coordination  with  the  Mission  Control  Center.  In  the  standard 

procedure,  a  report  is  handed  back  by  SPOT  IMAGE  within  a  delay  of  48 
hours  to  4  days. Accelerated  procedure  can  be  used  m  the  case  of 

emergency.  It  will  comprise,  among  others,  the  geometrical  conditions  of 
image  recording  (mosaicing  of  the  zone  to  be  covered),  and  its  feasibility 

(probability  of  execution  in  time  taking  into  account  the  climatic  data  of 

the  region  considered). 

The  user  may  accept  (or  not)  these  propositions.  He  may  also  modify  the 
initial  request,  in  which  case  a  new  study  is  undertaken.  When  the  user 
accepts  the  technical  conditions  of  execution  proposed,  an  agreement  is 
made  between  SPOT  IMAGE  and  the  user  stipulating  the  technical  and 

financial  conditions  of  the  execution  of  the  program. 

SPOT  IMAGE,  in  liaison  with  the  user,  can  modify  the  execution  of  a 

program  in  different  ways: 

-  by  programming  directives  (modification  of  parameters,  cloud  cover  level, 

viewing  angles,  restriction  of  the  range  of  variation), 

-  by  changing  from  a  fixed  single  angle  to  a  range  of  variation,  in  order  to 

terminate  a  program  ("clean-up"  mode) 

-  by  changing  the  end  of  period  date  (may  be  delayed) 

The  final  validation  of  scenes  is  earned  out  after  examining  the  quick-look 
images. 

The  user  may  receive  periodically  or  on  request,  a  detailed  report  on  the 
state  of  progress  of  his  program.  This  report  supplies  all  validated  scenes 
and  the  progress  of  coverage  of  the  geographical  zone  (in  simplified  graphic 
form  with  statistics  or  in  geographic/contour  form). 

Acquisition  programs  will  include  long  term  monitoring  programs  as  well  as 
emergency  acquisition  procedures  (in  case  for  instance  of  natural 
disasters). 
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Figure  3:  SPOT  system  diagram 
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2.2.4  Data  and  products  distribution 

The  Toulouse  preprocessing  facility  (CRIS  Toulouse)  is  designed  to 
produce  standard  data  such  ass  a  level  1  (system  corrected)  scene  within 
48h  and  level  2  or  S  (precision  processed)  within  a  week,  with  a  maximum 
capacity  of  70  scenes  per  day  at  level  1  or  20  at  level  2.  The  Kiruna 
preprocessing  center  (CRIS  Kiruna)  will  have  similar  capacities. 

SPOT  IMAGE  will  reproduce  and  deliver  to  users  standard  data  on  CCTs  and 
films  coming  from  the  preprocessing  centres.  Special  and  value  added 
products  will  also  be  made  available  to  users  through  a  worldwide 
distribution  network. 

The  term  "SPOT  Data"  applies  to  all  SPOT  scenes  with  standard  processing 
while  "SPOT  Product"  refers  to  any  product  derived  from  the  above  defined 
data. 

Whereas  the  distribution  of  SPOT  Data  is  subject  to  specific  rules  and 

geographical  limitations,  the  distribution  of  SPOT  products  i.e.  value-added 
products  is  not  subject  to  any  such  restriction  except  copyrights. 

CNES  owns  the  copyright  on  all  SPOT  data.  This  means  that  any 

organization  that  wishes  to  distribute  or  sell  SPOT  data  must  first  obtain  a 
sub-license  from  SPOT  IMAGE  which  has  been  granted  by  CNES  an  exclusive 
world-wide  license  for  the  distribution  of  SPOT  data. 

SPOT  receiving  stations  will  be  automatically  granted  an  exclusive 
sub-license  for  the  distribution  of  SPOT  data  within  their  distribution  zone. 
This  sub-license  is  exclusive,  insofar  as  SPOT  data  is  concerned,  within  the 
station's  distribution  zone;  such  zones  generally  covering  the  country  (or 
group  of  countries)  operating  the  station. 

SPOT  IMAGE  has  exclusive  SPOT  data  distribution  rights  in  those  countries 
that  do  not  possess  a  receiving  station  and  is  currently  negotiating 
agreements  with  companies,  agents  and  the  like  in  these  different  countries 
with  a  view  to  ensuring  close  contact  between  distributors  and  users  and 
the  efficient  distribution  of  both  data  and  products. 


3  *  THE  SPOT  DATA  SIMULATION  PROGRAM 


In  order  to  prepare  the  user  community  to  the  use  and  analysis  of  SPOT 
images,  an  ambitious  SPOT  data  simulation  program  has  been  initiated  since 
1980. 

It  is  managed  by  the  french  "Groupement  pour  le  Developpement  de  la 
Teledetection  Aerospatiale  (GDTA)  of  which  CNE5  is  member;  it  includes 
two  types  of  images  simulations: 

-  geometric  simulations  whereby  mosaics  of  aerial  photographs  are  digitized 
and  resampled  to  10  meters  to  simulate  the  geometric  characteristics  of 
SPOT  images  under  different  viewing  angles  (this  requires  a  digital  terrain 
model  of  the  aera  in  order  to  take  account  of  terrain  relief  in  the 
simulation).  Those  simulations  are  used  to  study  the  usefulness  of  SPOT  data 
for  topographic  mapping  and  other  applications  requiring  stereoscopic 
coverage. 

-  radiometric  simulations,  whereby  images  of  certain  areas  are  collected  via 
an  airborne  scanner  and  data  from  the  different  channels  of  the  scanner  are 
processed  to  simulated  the  three  spectral  bands  of  SPOT  with  resampling  at 
20  meters  intervals.  Such  simulated  images  do  not  have  the  geometric 
quality  of  SPOT  images,  but  reflect  their  expected  radiometric 
characteristics  and  therefore  their  ability  to  classify  different  types  of 
terrain,  vegetation  cover,  crops,  etc.  Many  sites  in  France,  in  other 
european  countries  as  well  as  in  Africa,  Bangladesh  and  the  United  States 


have  been  covered  and  provide  a  variety  of  usefull  examples  for  data 
analysis  and  applications.  The  data  itself,  as  well  as  information  booklets  on 
the  image  interpretation  are  available  from  SPOT  IMAGE.  * 

This  SPOT  data  simulation  program  has  involved  a  large  number  of  scientists 
and  investigators  in  ail  countries  where  sites  have  been  surveyed;  it  has 
proved  to  be  of  high  interest  both  to  the  investigators  and  to  the  producers 
of  the  data  and  should  pave  the  way  to  a  fruitfull  interaction  between  the 
user  community  and  the  SPOT  data  producers/distributors  when  the 
spacecraft  will  be  operating. 


*  For  the  simulation  data  in  the  United  States,  contact 

SPOT  IMAGE  Corporation 
1150  17th  Street 
Suite  307 

Washington,  D.C.  20036 
Tel;  (202)  293-1656 
Telex:  4993073 
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EACH  60  X  60  KM  SPOT  SCENE  WILL  BE  AVAILABLE  : 


m  AS  PANCHROMATIC  DATA  (ONE  BAND,  10  M.) 

•  OR  AS  MULTISPECTRAL  DATA  (THREE  BANDS,  20  M) 

•  AT  FOUR  PROCESSING  LEVELS  : 

1  a  EQUALIZATION  OF  DETECTOR  RESPONSE  NO  GEOMETRIC 

■  A  CORRECTION 

1  m  RADIOMETRIC  CORRECTION  AND  GEOMETRIC 

■  D  CORRECTION  INDUCED  BY  THE  ACQUISITION  SYSTEM 

_  RADIOMETRIC  CORRECTION  PIUS  PRECISION  GEOMETRIC 
2  CORRECTION  TO  MAP  THE  IMAGE  INTO  A  CARTOGRAPHIC 
PROJECTION 

S  REGISTRATION  WITH  A  REFERENCE  SCENE 

•  IN  SINGLE  FRAME  (AT  NADIR  OR  OFF  NADIR  VIEWING)  OR  IN 

•  STEREOPAIR 


*  ON  PHOTOGRAPHIC  FILM  AT  SCALES  RANGING  FROM  1  / 400,000 

•  TO  1/25,000  OR  ON  CCT  (1600  OR  6250  BP1) 
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SPOT  IMAGE  GAEMOG 


A  CATALOG  SERVICE  FOR  24  HOURS  A  DAY  INTERACTIVE 

SPOT  IMAGE  DATA  BANKS  REMOTE  ACCESS  THROUGH 

WORLD  WIDE  COMMUNICATION  NETWORKS 


THE  SYSTEM  WILL  PROVIDE  : 

•  THE  CHARACTERICTK3  Of  AU  SPOT  SCENES  AVAILABLE  THROUGHOUT 
THE  WORLD  (IDENTIFICATION,  ACQUISITION  MODE,  QUALITY) 

•  THE  IMAGE  SELECTION  ACCORDING  TO  VARIOUS  CRITERIA 
(GEOGRAPHICAL  AREA,  DATE.  QUALITY) 

•  THE  POSSIBILITY  TO  COMPUTE  IMAGE  STATISTICS  AND  TO  COMPILE 
GRAPHIC  MOSAICS  Of  SPOT  COVERAGE. 

•  CUSTOM®  DATA  REQUEST  ANALYSIS 

•  DATA  ORDER  RECORDING  AND  MANAGEMENT 

•  ACCESS  TO  SATELLITE  PROGRAMING  SERVICES  AND  ACQUISITION  PROGRAM. 
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SUMMARY 

Tha  ERS- I  Remote  Sensing  System  is  presently  in  the  definition  phase.  The  system  deve¬ 
lopment  will  start  in  eraly  1984,  launch  of  the  first  satellite  is  planned  for  mid  1988  from 
C.uyana  Space  Centre  by  the  European  launcher  ARIANE.  The  ERS-1  system  development  will  be 
performed  jointly  by  the  member  states  of  the  Euiopean  Space  Agency  together  with  Norway  and 
Canada . 


1.  MISSION  OBJECTIVES  AND  SYSTEM  ELEMENTS 
Mission  Objectives 

The  ERS-1  system  will  contribute  to  the  exploitation  of  coastal  and  global  oceans,  spe¬ 
cifically  those  troubled  by  ice  and  to  the  development  of  an  improved  global  weather  Infor¬ 
mation  service.  On  an  experimental  base,  microwave  Imaging  over  land  will  also  be  performed 
by  the  ERS- 1  system  as  an  all  weather  complement  to  optical  data  provided  by  other  satelli¬ 
tes  . 

The  prime  mission  objectives  are  twofold: 

collection  of  data  for  scientific  use  and 
dissemination  of  ocean  data  for  commercial  application. 

Data,  Scientific  Use 

The  data  use  for  scientific  purpose  will  Increase  the  understanding  of  the  ocean  pro¬ 
cesses  including  those  In  coastal  zones  and  polar  regions.  The  data  when  processed  alone  or 
or  processed  in  conjunction  with  data  from  other  satellites  or  earth  surface  devices  will 
contribute  significantly  to  the  advancement  of  physical  oceanography,  glaciology  and  clima¬ 
tology  . 

Data,  Commercial  Use 

Data  distributed  for  commercial  use  will  primarily  Improve  the  short  term  and  medium 
term  forecast  of  weather  and  ocean  condition  anywhere  on  the  globe.  This  will  benefit  the 
design,  planning  and  operatlona  of  oil  platforms  and  also  aid  the  optimization  of  ship  rou¬ 
ting.  Monitoring  of  surface  pollution  Is  also  considered  in  order  to  predict  the  trajectory 
of  pollutants  and  thalr  potential  threat  to  sensitive  shore  areas. 

Instruments  and  Maaaurementa 

In  order  to  undertake  the  described  mission,  a  set  of  space-borne  Instrumentation 
supported  by  a  ground-based  network  for  processing,  dissemination  and  archiving  is  con¬ 
templated.  The  space-borne  instruments  and  their  measurements  are  the  following: 

an  Actlva  Microwave  Instrument  (AMI!  operating  in  the  C-band  with  the  aim 
of  measuring  wind  fields  and  wave  image  spectra  and  providing  all-weather 
high  resolution  Images  of  coastal  zones,  open  oceans,  ocean  ice  areas  and  on 
an  experimental  basis,  images  over  land; 

a  Ku-band  Radar  Altimeter  (RA) ,  with  the  aim  of  measuring  significant  wave- 
height,  wind  speed,  and  providing  measurements  over  Ice  and  major  ocean  currents; 

Laser  Retroref lectors  (LR)  for  accurate  satellite  tracking  from  the  ground,  as  a 
complementary  Instrument  for  the  Radar  Altimeter; 

-  an  additional  Announcement  of  Opportunity  Package  presently  consisting  of: 

the  Along-Track  Scanning  Radiometer  with  a  Microwave  sounder  (ATSR/M) . 

The  radiometer  la  for  aea  surface  and  cloud  top  temperature  determination 
and  general  radlanca  measurements.  The  microwave  sounder  la  for  the  accurate 
determination  of  the  water  vapour  content  In  a  vertical  atmospheric  column 

the  Precise  Range  and  Range  Rate  Experiment  (PRARE) ,  la  an  altitude  and 
altitude  change  measuring  device  utilizing  a  ground  transponder  network. 

It  Includes  ionospheric  error  correction  capability. 

Table  1  gives  the  main  geophysical  measurement  objectives  in  terms  of  geophysical 
parameters  to  be  measured,  the  measurement  ranges,  accuracies  and  associated  Instrument 
modes. 
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Thu  F.RS-1  system  Is  concet  eei!  to  tx>  a  complete  Remote  Sensing  System  comprised  of  two 
e  lemont  s : 

th“  Space  Segment  consisting  of  an  ARIANE  launcher,  the  satellite  and  Its 
associated  qround  support  equljrment 

the  ('.round  Seqment  encompassing  the  facilities  Implemented,  operated  and 
coordinated  by  ESA  and  a  number  of  decentralized  facilities  to  i>e  im¬ 
plemented  and  operated  by  the  users. 

The  main  elements  of  the  System  are  presented  in  figure  1. 

At  system  level  there  are  also  less  tangible  interrelated  efforts  needed  to  support 
the  hardware  elements,  such  as  the  operational  deslqn  aspects,  the  supporting  software 
(for  l>oth  space  and  qround  seqments),  the  overall  system  Implementation  and  verification 
approach,  and  the  diverre  interfaces  of  the  system  deslqn. 

Pat a  Flow  and  Data 

The  overall  data  flow  shown  in  flqure  2  covers  both  the  control  and  information 
data  paths  within  and  between  both  the  satellite  and  the  qround  seqment .  The  primary  con¬ 
trol  function  resides  with  the  Mission  Control  Center  at  ESOC  which  is  linked  via  the  ESA 
S-band  network  to  the  on-board  computer.  This  computer  is  linked  to  the  payload  instruments, 
the  instrument  data  handlinq  and  transmission  and  the  platform  subsystems  by  a  data  bus. 

The  data  produced  by  the  pulsed  measurements  of  the  instrument  sensors  is  supplemented 
with  specific  user  oriented  house-keeplnq  data  and  transmitted  in  real-time  or  as  playback 
from  the  tape  recorder  to  qround  via  two  X-band  channels.  The  qround  seqment  oversees  the 
acquisition  and  processlnq  of  the  payload  data  for  rapid-service  products  and  quality  moni¬ 
toring,  for  later  precision  processlnq  and  archivinq,  and  for  product  dissemination  to  the 
users.  There  will  lie  one  prime  ERS-1  dedicated  data  receivinq  station  (also  used  as  the 
TT*C  station)  located  at  Klruna  in  Sweden  for  its  superior  coveraqe  characteristics.  It  is 
expected,  that  a  number  of  additional  Earthnet  or  national  facility  stations  such  as  Fuclno, 
Maspalomas,  Churchill,  Fairbanks  will  supplement  the  Kiruna  station. 

The  data  output  of  the  Kiruna  Station  comprises  Fast  Delivery  and  Other  Deliverable 
Products : 

within  the  qroup  of  Fast  Delivery  Products  are: 

SAR  Imaqes 

Wave  Spectrum  Products 

Wind  Field  Products  which  comprise: 

.  wind  velocity  suproducts 
.  wind  direction  subproducts 

Siqnlf leant  Wave  Height  Product 

General  and  Instrument  Header  Products  consistlnq  of  platform  telemetry, 
house-keeplnq  and  auxiliary  data  which  have  been  recorded  on-board  the 
satel llte 

Performance  Assessment  Products  which  are  data  extracted  from  payload  data 
to  support  Instrument  performance  assessment. 

Other  Deliverable  Data  Products  that  can  be  obtained  are: 

Raw  Data  down  linked  on  X-band  on  High  Density  Digital  Tape  (HDDT). 

ATSR/M  annotated  Data  on  Computer  Compatible  Tapes  (CCT)  also 
received  on  the  X-band  downlink. 

Operations 

The  satellite  will  be  launched  from  Kourou  Space  Center  into  a  777  km  circular,  sun- 
synchronous  orbit,  and  three  axis  stabilized  with  a  nadir  orientation.  The  nominal  ERS-1 
orbit  is  the  3-days  repetition  orbit  with  14  and  1/3  orbits  per  day  and  a  revolution  time 
of  lOO. 46S  min . 

The  initial  acquisition  events  -  deployment  of  the  solar  array  and  antennas,  satellite 
orientation  and  stabilization  -  are  performed  in  a  pre-programmed  sequence  by  the  platform. 
After  a  commissioning  phase,  the  routine  phase  begins,  during  which  the  system  will  provide 
for  a  variety  of  Instrument  operational  modes  interrupted  sporadically  by  orbit  correcting 
manoeuvres. 

The  first  mission  will  be  experlmental/pre-operational.  Despite  this  nature  of  the 
first  mission  it  will  also  have  as  an  objective  the  demonstration  of  the  operational 
capability  of  the  ERS-1  system,  i.e.:  to  supply  timely  data  to  its  commercial  or  public 
service  users. 
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.'U'Ai'Ki'KAKT  AND  1'AYl.OAP  SUPPORT 

The  PRS-1  Satellite  in  deployed  configuration  is  nhown  in  figure  3.  The  main  technical 
data  art'  'liven  in  tat'le  ’ . 

A  key  element  and  constraint  in  the  satellite  concept  Is  the  utilization  of  an  existing 
design  platform.  It  was  developed  as  a  MPI.TI  MI  SS I  ON  P1.ATFORM  for  the  French  SPOT  proqram. 
This  nodule  provides  standard  services  such  as  power  supply,  attitude  and  orbit  control, 
data  handling,  spacecraft  command  and  control  function  and  the  mechanical  load  interface  to 
the  launcher. 

Ttie  platform  per  definition  provides  for  a  certain  flexibility  in  standard  service 
capab i  1 1 1 ies  allowing,  to  a  Itmited  extent,  an  Individual  adaptation  of  these  to  the 
particular  needs  of  a  special  payload.  This  mainly  refers  to  the  payload  mass  properties, 
size  of  the  solar  array,  hydrazine  tank  capacity  for  attitude  and  orbit  manoeuvring  and 
onboard  computer  memory  capacity. 

The  PAYI.oAP  consists  of  two  major  structural  elements  as  shown  on  the  sketch  on  the 
next  pace. 

Payload  (electronic  Module  1PEM)  in  which,  on  four  hlnqed  side  panels,  the  payload 
electronics  units  are  mounted.  This  allows  both  easy  access  to  the  Interior  of  the 
PKM,  and  also  modular  integration  of  sets  of  equipment  preassembled  on  such  panels. 

The  electronics  module  houses  In  addition  to  the  Individual  Instrument  electronics 
also  a  separate  Instrument  Data  Handllnq  and  Transmission  system  (IDHT)  as  well  as 
the  payload  related  power  distribution  elements. 

Antennae  Support  Structure  (ASS)  which  provides  the  mechanical  interface  points  for 
the  payload  appendages.  The  precise  Instrument  polntinq  requirements  call  for  a 
thermostable  antennae  support  structure,  which  Is  designed  utlllzlnq  CFRP  tubes 
with  titanium  nodes. 

The  Payload  Thermal  Control  Is  basically  achieved  by  a  passive  system  supported  by  a 
set  of  heaters. 

3.  CORF  PAYIyOAD  INSTRUMENTS 

Active  Microwave  Instrument 

The  Active  Microwave  Instrument  is  a  remote  senslnq  radar  operating  In  C-band  and 
capable  of  performlnq  three  distinct  functions  correspondlnq  to  desired  measurements  and 
output  products: 

Image  Mode:  When  operating  In  the  image  mode  the  AMI  performs  as  a  synthetic 
aperture  radar  (SAR)  producing  high  quality  wide  swath  imaging  over  ocean, 
coastal  zones  and  land.  The  SAR  uses  a  side  looking  antenna  and  combines  signals 
of  the  moving  satellite  borne  antenna  to  effectively  form  a  long  antenna  with  high 
azimuthal  resolution.  The  range  resolution  is  achieved  by  an  appropriate  pulse 
length.  Pulse  compression  technique  reduces  the  peak  power  level  requirements. 

Wave  Mode:  When  operating  In  wave  mode,  the  instrument  will  measure  the  change 
In  radar  reflectivity  of  the  sea  surface  due  to  the  ocean  surface  waves.  In  the 
wave  mode  the  SAR  is  used  at  lower  power  for  determination  of  two-dimensional 
ocean  wave  spectra  of  SAR  images.  This  Is  achieved  by  using  a  different  pulse 
length.  The  wave  mode  may  be  Interleaved  with  the  wind  scatterometer  measurements. 

wind  Mode:  While  operating  In  the  wind  mode,  the  instrument  will  act  as  a 
scatterometer  and  measure  the  change  In  radar  reflectivity  of  the  sea  surface 
due  to  the  perturbation  of  the  surface  by  the  wind  close  to  the  sea.  The  wind 
mode  uses  three  antennas  looking  45°,  90°  and  135°  with  respect  to  the  flight 
path.  Basically  a  forward,  a  mid  and  an  aft  beam  measurement  must  be  made  for 
every  target .  The  three  measured  reflectivities  are  Introduced  In  a  mathematical 
model  function  which  relates  wind  properties  and  ocean  surface  reflectivity  to 
determine  wind  speed  and  direction.  Azimuthal  resolution  Is  given  by  the  antennas 
azimuthal  beam  width.  Range  resolution  Is  established  by  range  gating. 

The  block  dlaqram  in  figure  4  shows  the  major  elements  of  the  AMI.  The  main  technical 
parameters  are  given  In  table  3. 

Radar  Altimeter 

The  Radar  Altimeter  Is  a  nadir  looking  active  microwave  instrument.  Over  ocean  it  Is 
used  to  determine  the  significant  wavehelght,  the  wind  speed,  and  the  mesoscale  topography. 
Over  Ice  It  Is  used  to  determine  the  ice  surface  topography.  Ice  type,  and  sea/lce 
boundaries . 

The  microwave  measurements  comprise  the  time  delay  between  transmission  and  reception 
of  a  pulse,  the  slope  of  the  leading  edge  of  the  return  pulse,  the  amplitude  of  the  return 
pulse,  and  the  echo  waveform.  These  measurements  ars  used  as  follows: 

the  altitude  Is  determined  from  the  measured  delay  time  after  correction  of  propaga¬ 
tion  delays  caused  by  Ionosphere  and  tropoaphera;  thesa  corrections  can  be  taken  from 
measurements  made  by  ATSR/M  and/or  PRA SB.  Absoluts  calibration  will  be  performed  by 
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s  t  a t 1  on 

the  siqntftcant  ocean  wavrhelght  (SW1U  will  tie  calculated  from  the  slope  of  the 
leadtnq  edqe  of  the  return  echo 

the  wind  speed  over  sea  surfaces  will  be  estimated  from  the  power  level  of  the 
liackscatter  siqnal:  furthermore,  the  location  of  sea/lce  boundaries  can  be  derived. 

In  addition,  the  instrument  will  provide,  for  scientific  use,  echo  waveform  measure¬ 
ments  averaqod  over  r>0  msec. 

The  technical  characteristics  of  the  ERS-1  Radar  Altimeter  are  qiven  in  the  table 
above .  Ftqure  ri  shows  the  block  dlaqram  of  the  Instrument.  Main  technical  data  are  qiven  in 
t  able  4 . 

baser  Ret  roref  1  net  fir 

The  baser  Ret roref lector  will  permit  the  accurate  determination  of  the  satellite  height 
by  the  use  of  a  baser  Ranqinq  Station.  The  measurements  will  be  utilized  for  the  calibration 
of  the  Radar  Altimeter  in  zenith  overfliqht  and  for  improvement  of  the  satellite  orbit 
determination  with  respect  to  the  radial  component  durlnq  normal  satellite  tracking. 

To  achieve  these  requirements,  the  baser  Retroref lector  will  consist  of  an  appropriate 
i. umber  of  retroref  lect  i nq  ''lements,  the  so  called  corner  cubes.  For  ranqinq  of  the  satel¬ 
lite,  monochromatic  1 lqht  pulses  of  associated  laser  ranqinq  stations  are  emitted  toward 
the  baser  Ret roref lector  on  the  satellite.  A  fraction  of  the  received  pulses  is  reflected 
back  by  the  corner  cube  arrangement  towards  the  emitting  laser  station.  By  measuring  the 
time  delay  between  the  emitted  and  received  pulse,  the  distance  from  the  laser  station  to 
the  satellite  can  be  established. 

4.  SCIENTIFIC  PAYbOAD  INSTRUMENTS 

Alonq  the  Track  Scanning  'adiometer  and  Microwave  Sounder  (ATSR/M) . 

The  ATSR  Is  a  passive  instrument  which  consists  of  an  Infrared  radiometer  viewing 
from  two  directions  and  measuring  In  three  infrared  wavelengths.  The  objectives  are  to 
determine: 

sea  surface  temperature 
cloud  top  temperature 
cloud  cover  computations 
land  and  Ice  surface  radiances 

Investigations  of  day  time  sea-state  from  sun  glint. 

Combined  with  the  ATSR  Is  a  microwave  sounder  viewing  In  the  nadir  direction  using  an 
offset  fed  60  cm  antenna  operating  at  23.8  GHz  and  36.5  GHz.  The  major  objectives  of  this 
instrument  are  to  determine: 

total  atmospheric  water  vapor  content 
liquid  content  and  rain  areas 
land  and  Ice  surface  emlssivlty 

Precise  Range  and  Range  Rate  F.qulpment  (PRARE)  . 

The  PRARE  will  provide  precise  range  and  range  rate  data  by  two  way  measurements 
between  ground  stations  and  the  satellite.  The  microwave  Instrument  radiates  In  X-band 
with  some  functions  In  S-band.  The  propagation  delays  between  transmission  and  reception 
in  X-band  are  measured  and  stored  on  board  the  satellite  and  dumped  via  the  PRARE  command 
station.  The  on  ground  calculated  time  delay  difference  between  S-  and  X-bands,  which  yields 
an  Ionospheric  correction  factor,  can  also  be  transmitted  to  the  satellite  for  on  board 
storage  and  later  retrieval. 

6.  INSTRUMENT  DATA  HANDLING  AND  TRANSMISSION  <  IDHT) 

To  handle  the  very  high  Instrument  data  rates  of  the  satellite  a  specific  Instrument 
Data  Handling  and  Transmission  system,  operating  in  X-band,  Is  included  in  the  payload.  It 
supplements  the  platform  S-band  data  transmission  system.  The  block  diagram  is  shown  In 
figure  6.  The  main  technical  data  are  given  in  table  5. 

The  IDHT  is  subdivided  in  three  subsections  dedicated  to  definite  functions: 

a  data  handling  subsystem 
a  recording  subsystem 
-  a  transmission  subsystem 

The  data  handling  subsystem  has  two  functions 

-  with  the  Intelligent  Control  Unit  (ICU)  it  controls  the  correct  conssand 
execution  and  dialogues  with  the  on  board  computer 

-  with  the  Data  Control  Unit  (DCU)  it  controls  the  instrument  data  flux  over  high 
speed  and  swdlum  speed  channels. 


Is  * 


Tin'  nvorihii'i  subsyst cm  consists  of  two  redundant  tape  recorders  in  order  to 
covet  all  measurement  modes  except  SAR  Imaging  during  one  orbit.  Data  Is 
normally  recorded  in  continuous  mode,  so  that  only  few  starts  stops  of  the 
recorders  ate  foreseen.  The  data  is  already  formated  In  one  direction  and  then 
reproduced  for  transmission  in  the  reverse  direction. 

The  transmission  subsystem  uses  two  independent  links  for  data  transmission: 

-  l.vnk  one  for  high  speed  data  transmission  in  real  time 

-  I. ink  two  for  medium  speed  data  transmission  in  real  time  and/or  transmission 
of  ; layback  data. 

The  IPItT  is  designed  to  operate  in  t  he  following  modes: 

Mode  1:  Acquisition  and  transmission  in  real  time  of  high  speed  data  from  AMI 
in  PAR  maul  no  mode. 

Mode  2:  Acquisition  and  transmission  in  real  time  of  medium  rate  data. 

Mode  1:  Acquisition  and  storaqe  of  all  medium  speed  instrument  data. 

Mode  4:  Playback  and  transmission  of  the  recorded  data. 

Comb  1 na t i ons  of  the  above  modes  are  possible  as  follows: 

Mode  2  and  1  simultaneously 
Mode  2  and  4  simultaneously 

Mode  1  is  independently  selectable  with  respect  to  the  other  possible  modes 
or  mode  combinations. 

Tn  order  to  provide  an  additional  transmit  capability  for  all  medium  speed  data 
(e.u.  all  instrument  data  except  PAR  imaging)  an  optional  I.-band  transmission  chain  is 
also  under  consideration. 

h,  TIIK  GROUND  SEGMENT 

The  Ground  Segment  has  the  joint  tasks  of  controlling  and  monitoring  the  satellite 
throughout  the  mission  and  of  payload  data  management  including  reception,  processing, 
dissemination  and  archiving.  The  overall  concept  Is  shewn  in  figure  7.  In  particular  the 
Ground  Segment  performs  the  following  main  functions: 

Control  and  monitor  the  satellite  and  the  associated  elements 
Acquire  all  data  on  the  downlinks 

Generate  and  distribute  selected  products  In  near  real  time 

Generate  and  distribute  fully  corrected  products  and  perform  the  associated  archiving 
Calibration  activities  and  quality  control  functions. 

The  communication  with  the  satellite  will  be  performed  by  four  different  links: 

Uplink  In  S-band  for  telecommands  and  ranging 
Downlink  In  S-band  for  telemetry  and  ranging 

Downlink  In  X-band  for  SAR  Imaqe  Mode  data  (I.lnk  1)  In  real  time  with  approximately 
lOO  Mbps 

Downlink  In  X-band  for  all  other  Instrument  data  (Link  2)  In  real  time  (approx.  1  Mbps) 
and  playback  from  the  or  board  tape  recorder  (approx.  15  Mbps) 

and  an  optional  fifth  link 

Downlink  In  L-band  for  all  low-rate  data  for  reception  by  Tlros-llke  atatlons. 

To  fulfil  these  functions  the  Ground  Segment  will  be  composed  of  the  following  major 
elements  shown  In  the  diagram  on  the  left: 

Mission  Management  and  Control  Center  (MMCC) 

-  TT»C  S-band  network  (ESANET) 

-  Data  Acquisition  and  Processing  Facility  (DAPF) 

Real  time  Data  Acquisition  Facilities  (RDAF)  and/or  DAPFs 
Processing  and  Archive  Facility  (PAF) 

Primary  and  end  user  Facilities. 

The  MMCC  located  at  ESOC  and  supported  by  ESANET  is  responsible  for: 

-  Control  and  monitoring  of  the  satellite  and  the  Klruna  Station 

-  Mission  planning 

-  Generation  and  distribution  of  auxiliary  information  such  as  orbit  and  attitude  data. 


The  TT»C  station  to  bo  installed  at  Klruna  (Sweden)  will  be  dedicated  to  ERS-1  but  will 
be  a  standard  FSANET  station  except  for  the  antenna  which  will  be  shared  with  the  DAPF. 

In  addition  Klruna  acts  as  a  reference  station  so  that  It  also  Includes  link  perfor¬ 
mance  measurement  equipment  on  S-  and  X-band. 

The  general  composition  of  the  DAPF  Is  as  follows: 

Data  Acquisition  (DAF) 

Real  time  Processing  Facility  (RTPF) 

Product  Distribution  Facility  (PDF) 

The  DAF  will  acquire  all  playback  data  from  the  on  board  recorder,  the  real  time  low 
bit  rate  data  and  the  SAR  data  within  the  station  visibility.  The  DAF  comprises  besides  the 
X-band  receiving  equipment  the  feeds  and  amplifiers  for  S-band  up-  and  downlink.  The  DAF  Is 
completed  by  High  Density  Digital  Recorders  (HDDR)  for  recording  all  acquired  data. 

The  RTPF  comprises  three  subsystems: 

A  SAR  Fast  delivery  processing  S/S 
A  low  rate  data  processing  S/S 
A  station  control  S/S 

The  processing  S/S  will  generate  out  of  the  acquired  raw  data  the  following  products 
In  real  time: 

Surface  wind  field 

Significant  wave  height 

Wave  Image  spectrum 

Fast  delivery  SAR  Images 

Results  of  quality  control  processing. 

The  station  control  S/S  will  provide  the  interface  to  the  MMCC,  monitor  the  perfor¬ 
mance  of  all  equipment,  report  t'  elr  status,  perform  detailed  scheduling  and  control  and 
allocate  the  resources. 

The  PDF  comprises  the  equipment  necessary  to  format  the  products  for  transmission  wit¬ 
hin  the  required  delay  time  to  MMCC,  primary  users  and  PAF , 

The  ERS-1  Ground  Segment  will  be  complemented  by  a  number  of  ESA  and  non  ESA  facili¬ 
ties  such  as: 

RDAF  and/or  DAPF  outside  the  coverage  area  of  the  Klruna  station 
-  PAF 

TT4C  station  for  back-up  and  LEOP 

These  facilities  may  comprise  already  existing  instalatlons  and  are  not  necessarily 
ERS-1  dedicated. 
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Table  3 

Main  AMI  Data 


Radar  Frequency 

5.3  GHi 

Raaolution  Cell 

Peak  RF  Power 

4  8  kW 

SAR  Wave 

5  *  5  km2 

Wind 

60  *  50  km2 

Mean  RF  Power 

SAR  Imagery 

300  W 

DC  Power 

SAR  Wave 

100  w 

SAR  Imagery 

1220  W 

Wind  Scan 

113  W 

SAR  Wave 

240  W 

Wind 

430  W 

Swath  Width 

SAR  Imagery 

80  km 

Data  Rataa 

<  103  Mb*"1 

SAR  Ware 

5  km 

SAR  Imagery 

Wind 

500  km 

SAR  Wave 

Wind 

800  kbt-’ 
120  kba"1 

Retoiution  Call 

SAR  Imagery 

30  *  30  m2 

ToUl  Mu 

340  kg 

Ftgur*  3 

ERS-1  Satellite 

t  Antpnnaf  an<J  Solar  Array  deployed  l 


is  '/ 


T  able  2 

Mam  Satellite  Data 

Sti.jC  fu** 

•  P»y»'>ed  f  Iw  TrriMif  %  Module  (PfMl 

fto*  it  i  ‘tC  tu'r 

9  vertical  titanium  !nr<t 
l  >»ari  r.a«'v <ng  ltd*  pane'*  tup  panai  and 
i  i»mpatm*nt  pane  It  in  il1(miniui"  tandwicf' 

•  Antanna  Support  Strut  turf  (ASS  I 

f  ' amawo'  k  of  (  f  RP  itrutt  with  Titanium  nodat 
and  fitting 

1  her  me  (  liontriM 

•  Pattiy*  'Jatgin  with 

SSM  covfinl  radiator*  on  •  v  and  *  2  *acet 
All  «ff«  <  (»•/•<)  Ml  I  a«c*fd  rad>at(» 

area* 

ASS  AT  SR  M  AMI  MPA  Radiator  and 
Platform  tharmaHy  decoupled  from  akactron*ct 
module 

Haat  pip#*  «n  AMI  MPA  Radiator 

ASS  wrapped  m  tupe»  mtulation 

P{  M  interior  pemted  black 

Radundent  guard  haeter  tyttam  controlled  by 

thermottatt 

Housekeeping  thermittrw* 

Inurnment  Data  Nandlnrg  and  T  rantmittion  IIOMTl 

•  Data  ttrxaga  6  b  Gbit 

•  ?  1  apa  racordert 

•  Payload  telematry  tut  rata*  itcientificl 

high  rata  100  Mbitiec 

madium  rata  reaitima  S  Mbit/ tec  (ipraadl 

madium  rata  playback  ISMbd/tec 

•  Data  I  or  mat* 

I  ngmaanng  data  multplMKt  with  loan  tit  it 

data 

Ona  format  for  high  rata  data 
Ona  format  lor  medium  rata  data 


Platform 

•  Satfllit*  luppo' t  function* 

Power  tupply  ditlr  ibubon  pyiotachhic* 
Payload  peak  power  2600  A 

Pay  load  parmanant  porai  SSO  A 

Voltage  232?  V 

Onboard  anargy  2650  Ah  ma« 

Attttuda  and  orbit  control 
3  a  net  ttabilirad  without  onboard  momentum 
Pointing  error  t*e*#t  0  0/ deg 

non  biatat  0  0/  dag 

Onboard  impulte  6?0  000  Niac 

Com  mu  me  at  ion* 

Trentponder  coherent  S  Rand 
TrantmiTter  power  SO  200  mA 

Talamatry  rata  2048  t*t  tec 

T aleconvnaml  rata  2000  bit  ac 

Data  handling 

08C  word  length  18  torn 

Payload  memory  20  A  Word* 

S  redundant  payload  uen 
OBDH  type  but 


Spacecraft  Meat  and  Dimanaiont 

•  Payload  Maw  900  kg 

•  Platform  Meat  1260  kg 

•  Spacecraft  Mata  2160  kg 

•  Overall  Haight  118m 

•  Over af I  Length  11.7m 

•  Central  body  19*  1,9*3  0  m 

•  Solar  Array  11  7*2  4  m 

•  SAR  Antanna  10  0*1  0  m 

•  Scattaromatar  Antanna  J  6*0  3  m 

•  RA  Antenna  1  2  m  D) A 


F  igure  b 


Main  Radar  Altimetac  Data 

Measurement  F  requency 
Measurement  Principle 
Chirp  Length 
Bandwidth 
Peak  Transmit  Power 
Pulse  Repetition  Freq 
Onboard  Signal  Processor 

Paraboloid  Antenna 
Total  Mass 

DC  Power  Consumption 
Data  Rate 


13.7  GH*  (Ky  Band) 
Full  Deramp  Concept 
20  *isec 
330  M Hr 
50  Watt 
1  KH* 

Suboptimum  Maximum 
Likelihood  Estimator 
1  2  m  Diameter 
96  kg 
134  W 
1  5  KBit  sec 


Figure  6 

IDHT  Functional  Block  Diagram 


T  able  5: 

IDHT  Main  Data 

IDHT  without  optional  L  band  transmission  system 

Mass  75  kg 

Prune  Power  Consumption  max  285  W 
RF  Output  Power  per  link  20  W 

Optional  L  band  r*  animus  ion  system 

Mass  1  5  kg 

Prime  Power  Consumption  max  50  W 
RF  Output  Power  max  5  5  W 


Figure  7 

The  Overall  Ground  Sagmant  Concept 
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SUMMARY 

A  flexible  hardware  concept  Is  presented  which  allows  to  handle  high  speed  Image  pro¬ 
cess  lm  tasks.  The  concept  Is  applied  to  a  realtime  SAR-Processor  coverlnq  C-band  ERS-1 
as  well  as  X-band  MRSE  radar  data. 

After  a  short  Introduction  to  the  SAR  prlncloles  and  the  SPECAN-alqorl thm  which  Is  made 
use  of  In  the  processor  breadboard,  some  of  the  basic  hardware  processing  modules  and 
Its  performance  data  are  described  In  more  detail  (Storage  Unit,  FIR  Filter/Correlator, 
Complex  Multiplication,  Fast  Fourier  Transformation,  Pipeline  Controller). 

The  performance  data  show  that  hiuh  speed  Image  processing  can  be  Implemented  at  low 
power  consun  ,’t  1  on  and  small  volume.  Due  to  the  universal  concept  cost  can  also  be  kept 
down  for  this  class  of  processing  tasks. 


1 .  INTRODUCTION 


A  modular,  realtime  SAR-Processor  Breadboard  Is  presently  being  developed  by  DORNIER 
under  contract  of  DFVI.R  and  funded  by  the  German  Mlnistr1'  of  Research  and  Technology 
,'BMFTi.  The  digital  ground  processor  resulting  from  these  activities  shall  be  able  to 
produce  twod imens Iona  1  SAR  lmaqes  taklnq  raw  radar  data  of  the  German  X-band  radar  system 
MREF  (Microwave  Remote  Sensing  Experiment)  as  well  as  the  C-band  ESA-ERS  1  system.  Addi¬ 
tionally,  further  adaptability  of  the  processor  to  airborne  SAR-systems  shall  be  possible. 

The  basic  features  of  the  processor  are  qlven  by  the  image  requirements  listed  In  Table  1-1 
which  are  reqarded  to  be  a  common  baseline  for  earth  exploration  purposes  within  ESA 
(European  Space  Aqency)  and  DFVI.R  (German  Authority  for  Aerospace  Research)  .  Furthermore, 
the  processor  concept  Is  stronqly  Influenced  by  a  high  throughput  demand  (realtime  pro¬ 
cessing)  at  low  newer  consumption  rates  In  order  to  allow  for  a  future  upgrading  of  the 
processor  to  spaceborne/a 1 rborne  applications. 

Finally,  a  high  modularity  and,  If  possible,  repeatability  of  functional  groups  within 
the  processor  Is  required  for  reasons  of  cost  reductions  and  3lmple  maintainability. 

The  SAR-Processor  Breadboard  fullfilling  the  above  mentioned  requirements  will  be  imple¬ 
mented  In  different  steps.  A  first  model  allowing  the  realtime  processing  of  true  raw  ra¬ 
dar  data  will  be  available  In  spring  85.  The  overall  control  parameters  of  this  processor, 
however,  must  be  keyed-ln  manually.  A  fully  automatic  version  of  the  processor  Including 
a  Mean  Doppler  Estimator  and  a  link  to  the  beam  pointing  measuring  system  of  the  platform 
Is  planned  to  be  ready  for  tests  at  the  end  of  1985. 


2.  SAB-PRINCIPLES  AND  SPEC AN- ALGOR I THM 


The  principle  geometry  of  a  Synthetic  Aperture  Radar  Is  shown  In  Fig.  2-1.  The  SAR  antenna 
transmits  °f  pulses  In  the  direction  perpendicular  to  the  velocity  vector  of  Its  platform. 
Any  target  located  within  the  beam  of  the  antenna  will  contribute  to  the  overall  received 
slqnal  according  to  Its  radar  reflectivity.  In  order  to  resolve  the  reflectivity  distribu¬ 
tion  of  the  ground  down  to  the  required  dimensions  (apacial  resolution)  processing  In  both 
range  and  azimuth  direction  Is  necessary. 

Range  discrimination  of  targets  is  performed  by  making  use  of  the  different  two  way  propa¬ 
gation  delay  of  reflectors  located  at  different  range  coordinates.  However,  a  pulse  com¬ 
pression  of  the  extended  transmitter  pulse  (e.  q.  a  linear  chirp  signal)  must  be  Included 
to  attain  the  required  ground  range  resolution  (see  Fig.  2-2). 

The  azimuth  response  of  each  point  target  Is  given  by  the  linear  movement  of  the  antenna. 
The  frequency  behavior  of  the  received  azimuth  signal  can  be  understood  to  be  the  Doppler- 
shifted  RF  frequency  of  the  transmitted  pulse  when  the  antenna  approaches  or  leaves  the 
target.  A  hypothetical  omnidirectional  antenna  would  result  In  a  frequency  versus  time 
digram  as  shown  in  Fiq.  2-3  with  the  carrier  frequency  of  the  RF  signal  already  been  re¬ 
moved  In  this  plot. 

A  more  realistic,  pencil-beamed  antenna  cuts  only  a  short  portion  out  of  the  diagram  of 
Fig.  2-3.  Since  the  antenna  normally  points  nearly  perpendicular  to  the  antenna  velocity 
vector,  the  cut  Is  located  within  the  linear  area  of  the  diagram  of  Fig.  2-3.  Therefore, 
a  linear  chirp  signal  Is  expected  as  being  the  azimuth  response  of  a  point  target  as  well. 
Again,  a  pulse  cosg>ression  In  azimuth  must  be  performed  In  order  to  arrive  at  the  re¬ 
quired  soaclal  azimuth  resolution. 
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The  azimuth  compression  of  a  PAR  processor,  however,  differs  In  two  points  from  the  range 
comp  less  ion.  first,  the  replica  length  of  the  azimuth  compression  normally  Is  shorter 
•  ha-,  the  respective  length  of  the  range  compression  which  may  result  in  different  com¬ 
pression  techniques.  Second ,  the  raw  radar  data  are  sampled  In  range  direction.  There¬ 
fore,  (he  data  must  he  rearranged  before  the  azimuth  compression  can  be  performed.  The 
operation,  which  changes  the  sampling  direction  from  range  to  azimuth  is  called  Corner 
Turning.  It  ts  Implemented  by  means  of  an  appropriate  memory. 

If  the  available  signal  bandwidth  either  In  azimuth  or  In  range  direction  exceedathe  mini¬ 
mum  value  which  is  necessary  for  achieving  a  given  spaclal  resolution.  Look  Summation  can 
be  introduced  in  order  to  reduce  speckling  and  nrise  effects  of  the  measured  reflectivity 

amp  1  i  t  uiio . 

Finally,  the  range  migration  of  the  energy  of  any  point  target  due  to  earth  rotation  and 
antenna  mispointlng  must  be  compensated  for.  For  X-  and  C-band  radars  the  range  walk  can 
be  retarded  to  be  a  linear  function  of  time  which  causes  remarkable  simplifications  of  the 

SAR-Processor  . 


Fig.  2-4  shows  a  simplified  block  diagram  of  the  general  structure  of  a  SAR-Processor  as 
described  above.  Additional  functions  like  Pecorner  Turning  and  Postprocessing  must  be  In¬ 
cluded  to  rearrange  the  output  data  In  range  direction  and  to  assure  that  both  directions 
are  scaled  equally. 

Pifferent  algorithms  are  available  for  the  compression  of  the  raw  radar  data  both  in 
r  into  and  azimuth: 

-  filtering  in  frequency  domain 

i  F  FT ,  mult  1 p 1 icat ion.  Inverse  FFT) 

-  filtering  in  time  domain 
'  corre lat ion1 

-  SPECAN  algorithm 
(multiplication,  FFT) 

Previous  investigations  performed  under  an  ESA  contract  (Spectral  Analysis  Approach  to  the 
Compression  of  linear  FM  Signals,  ESTEC  contract  3998/79/NL/HP  (SC),  TN-79-276-003 )  resul¬ 
ted  in  the  conclusion  that  the  SPECAN  algorithm  Is  most  favorable  for  the  azimuth  com¬ 
pression  of  c-  and  X-band  radars.  Therefore,  this  concept  has  been  used  In  the  SAR-Pro- 
cessor  Breadboard  and  is  shortly  described  In  what  follows: 

If  the  azimuth  dopnler  history  of  several  adjacent  targets  is  multiplied  by  a  reference 
function  the  slope  of  which  is  opposite  to  the  slope  of  the  doppler  history,  the  chirp 
of  each  target  Is  transformed  to  a  monofrequency  signal  as  described  In  Fig.  2-5.  In 
order  to  compute  the  amplitude  of  each  signal  a  Fourier  Transformation  (FFT)  Is  applied 
to  the  dechlrped  signals.  The  length  of  the  FFT  operation  defines  the  azimuth  resolution 
of  the  processed  targets. 


).  PROCESSOR  ARCHITECTURE 


The  architecture  of  the  SAR-Processor  Breadboard  Is  shown  In  Fig,  3-1.  It  consists  of  a 
high  speed  radar  data  processing  pipeline  Including  the  hardware  modules 

-  Range  Cell  migration  Correction  (RCMC) 

-  Reference  Function  Multiplication  (REM) 

-  Corner  Turn  Memory  (CTM) 

-  Fourier  Transformation  (FFT) 

-  Look  Summation  (LS) 

-  Postprocessor  (POPR) 

which  performs  the  azimuth  cosipresslon  and  look  susisatlor.  of  1024  range  samples  (approx. 
20  km  swathwldth)  at  an  Input  data  rate  of  2  Mwords/sec.  Identical  pipelines  must  be 
paralleled  If  more  than  20  km  shall  be  processed  In  realtime. 

Range  compression  of  the  sensor  data  is  not  Included  In  the  present  design  of  the  bread¬ 
board  since  onboard  range  compression  was  assumed  at  the  time  when  the  architecture  had 
been  determined. 

The  fast  processing  pipeline  Is  controlled  by  three  medium  speed  control  sodules  which 
provide  for  the  parameters  required  by  the  pipeline  modules.  At  this  control  level  con¬ 
trol  data  must  be  computed  at  a  rate  of  typically  2-10  Kwords/sec  depending  on  the 
siodule  and  the  SAR-sensor  Itself. 


1ft  1 


Fin-lily,  n  microprocessor  controller  links  the  SAR-Processor  to  the  slow  speed  overall 
svstem  parameters  (operator  resolution  and  look  definition.  Mean  Doppler  and  FM-Rate  of 
radar  data,  antenna  heading)  which  are  needed  in  order  to  define  the  basic  Inputs  to 
the  processor.  The  data  rate  at  this  point  Is  some  words  per  second. 

The  Mean  Doppler  frequency  of  the  radar  data  must  be  determined  from  the  data  Itself  by 
a  Mean  Doppler  Estimator  module  for  a  fully  hands-off  operation.  This  Is  due  to  the  fact 
that  the  primary  information  (mainly  the  antenna  pointing  angles)  cannot  be  measured  to 
the  accuracy  which  Is  required  to  compute  the  Mean  Doppler  frequency  from  those  data. 


4  IMPLEMENTATION  OF  TIIK  PROCESSOR 

The  implementation  of  the  processor  is  accomplished  under  the  aspect  that  each  specifically 
destined  hardware  module  must  include  enough  commonality  and  flexibility  to  make  it  a 
oart  of  a  more  ueneral  stqnal  nrocesslnq  hardware  family.  This  concept  allows  the  func¬ 
tional  modules  to  he  used  at  several  places  of  the  processor  (e.  q.  see  Storaqe  Unit)  or 
even  supports  the  implementation  of  different  Imaqe  processing  tasks  (e.  q.  other  SAR-alqo- 
r l t hms ,  pattern  recognition  etc.)  at  very  low  development  cost  using  the  same  hardware 
modules  in  different  arrangements, 

Come  of  the  more  Imfxirtant  modules  of  the  SAR-Processor  Breadboard  are  described  in  more 
detail  in  the  subsections  below. 

4.1  High  S^ced  Storage_Unlt 

Intermediate  storage  of  data  frames  is  one  of  the  most  Important  functions  of  any  kind  of 
image  processing.  In  a  SAR-processor  those  memory  units  are  used  during  Corner  Turning, 
book  Summation,  Recorner  Turning,  video  display  storage  and  test  pattern  generation. 

In  order  to  cover  these  applications  a  universal  memory  board  has  been  developed  which 
allows  for  writinq  and  reading  line  based  Image  data  in  both  range  and  azimuth  direction. 
The  length  of  each  line  can  be  programmed  within  the  total  capacity  of  266  Kwords,  where 
the  word  lenath  can  be  any  value  up  to  16  bit. 

The  memory  boards  can  easily  be  cascaded  If  more  than  266  Kwords  of  memory  size  Is  re¬ 
gal  red . 

Dynamic  NMOS  memory  chips  (64  k  1)  and  TTL-ALS  control  circuits  are  used  for  the  board, 
the  size  of  which  is  213  x  160  mm2.  A  write/read  speed  of  up  to  3  Mwords/sec  could  be 
achieved  at  a  power  consumption  of  3.2  Watt.  Refresh  circuits  for  the  dynamic  memory  chips 
are  Included  on  the  board. 

A  complete  memory  system  (e.  g.  CTM)  Is  built  up  of  3  memory  boards  and  a  simple  controller 
board  which  provides  for  the  correct  lnput/outout  interface  and  some  trigger  signals  which 
tell  the  memory  boards  when  to  write/read  frames. 

4.2  Finite  Imgylse  Response  Filter 

FIR  filters  are  widely  used  for  low  pass  filtering,  bandnass  filtering  (in  combination  with 
a  complex  premultiplication),  dlqltal  Interpolation  and  correlation.  In  a  SAR-processor, 
digital  Interpolation/resampling  Is  required  for  the  Range  Migration  Compensation  module 
as  well  as  for  the  Postprocessing  module. 

A  FIR  filter  offering  programmable  length  of  up  to  16  samples  at  a  word  length  of  8  bit 
(data  and  coefficients  each)  has  been  developed  uslna  a  TRW  multlpller/accumulator  circuit 
and  TTL-ALS  control  logic  on  a  standard  233  x  160  mm2  board.  Subsampling  of  the  output  sig¬ 
nal  is  possible  If  the  FIR  filter  is  used  as  a  lowpasa  filter. 

The  maximum  input  data  rate  Is  given  by  the  internal  12  MHz  computation  clock,  the  filter 
length  and  the  chosen  subsampling  factor.  At  a  full  filter  length  of  16  (no  subsampling), 
the  input  rate  can  be  up  to  0.72  Mwords/sec.  The  power  consumption  is  4.6  Watt. 

The  filter  coeff.  dents  are  stored  in  a  2  K  x  8  PROM  offering  a  large  variety  of  different, 
selectabl  coefficient  sets. 

4.3  £2?EiS2_t!2i£iEiiS§£i2D 

A  complex  multiplication  module  has  been  developed  on  the  basis  of  a  fast  TRW  multiplier 
and  some  TTL-ALS  control  logic.  The  whole  circuit  is  implemented  on  a  board  of  the  site 
160  x  lOO  mm2.  It  can  be  operated  up  to  an  input  data  rate  of  3  Mwords/sec.  The  power 
coneumptlon  turned  out  to  be  3.0  Watt  including  output  rounding  and  saturation  limitation 
circuits.  Data  word  length  is  8  bit  at  both  input  and  output. 

This  unit  is  used  as  the  Reference  Function  Multiplication  modula  of  the  SAR-Froceseor 
Breadboard.  However,  other  applications  Ilka  premul tipi  teat  ion  in  a  bandpass  filter  con¬ 
figuration  have  also  been  lmplesiented  with  thle  module. 


Fist  Fourier  Transformation  ('•'FT) 


4  .  4 


A  bn  tlw.ire  FF'T  module'  is  I'losent  ly  under  desidn  at  DORNIFR.  It  is  based  on  the  Radix  2 
’  tee  i  ma  t  i  on- i  n-Ti  me  aluortthm  showinu  the  feel  lowin'!  features: 

complex  innut  H  I,  H  J 
eompli’X  out  nit  '2  I,  12  0 

programmable  FFT  lendth  of 
'  2 - 1>  4 -  1  H-  2  hi.  -  61  2 -  1 02  4 

complex  butterfly  hardware  element, 
operatin'!  at  approx.  )'  "Il7 

FFT  data  address  In!  scheme 
downloaded  from  external  device 

This  module  will  be  able  to  perform  the  operations  required  for  az i muth/ranqe  compression 
of  the  RPKi'AN  method  as  well  as  of  the  frequency  domain  alqorithm. 

4.'  Medium  Speed  Pipeline  Controllers 

The  pipeline  controllers  of  the  SAP-Processor  Breadboard  convert  the  more  qeneral  control 
parameters  e.  i.  Mean  floppier  Frequency,  FM-Pate,  Antenna  polntlnq  anqles)  into  secon¬ 
dary  control  parameters  which  are  used  by  the  Pipeline  modules.  The  basic  arithmetic  ope¬ 
rations  are  required  in  order  to  perform  these  transformations.  Since  the  output  data  rates 

are  around  2  -  l"  Kvnrds  sec,  a  signal  processor  like  the  MFC  7720  Is  a  favorite  candidate 
for  t  hese  lobs . 

Fi  i.  4-1  shows  a  block  diagram  of  the  NFC  7720.  It  consists  of  a  16  bit  ALU  and  two  accumu¬ 
lators,  a  separate  16  x  16  hit  fast  multiplier,  6t2  x  11  bit  nroqrammable  data  ROM  apart 
from  the  instruction  ROM  (612  x  21  hit).  The  instruction  cycle  time  is  260  nsec  at  an  in¬ 
ternal  frequency  of  8  MHz. 

The  FPROm  version  NFC  77P2o  allows  for  a  flexible  programming  of  both  the  instruction  ROM 

and  data  ROM  even  for  small  numbers  of  chip  pieces. 

The  part  of  the  Range  Controller  which  computes  the  reference  function  of  the  RFM  module 
from  the  FM-Rate  of  the  sensor  has  been  Implemented  by  software  on  the  NEC  77P20.  An  out¬ 
put  data  rate  of  up  to  28  Kwords/sec  could  be  obtained  which  Is  much  more  than  what  Is  re¬ 
quired  for  realtime  processing  (2  -  10  Kwords/sec). 

Fiu.  4-2  shows  a  scope  plot,  of  the  real  and  Imaginary  part  of  the  linear  chirp  function 
which  is  used  as  a  reference  by  the  RFM  module. 


6.  GROWTH  POTENTIAL  OF  CONCFPT 

The  hardware  activities  described  above  will  result  in  a  family  of  universal  signal  pro- 
cessinq  modules  which  can  be  arranqed  in  such  a  way  that  a  larqe  variety  of  image  pro¬ 
cessing  tasks  can  be  handled  in  realtime.  The  central  members  of  the  family  are: 

-  Correlation 

-  Fi lter/Interoolator/Resampllng 

-  Fourier  Transformation 

-  Storage  Unit 

-  Multiplication 

-  Accumulation 

-  Programmable  Pipeline  Controller 

The  modular  concept  assures  a  cost  effective  Implementation  of  high  speed  processing  tasks. 
Low  power  and  volume  design  will  allow  this  concept  to  be  extended  to  more  critical  appli¬ 
cations,  e.  g. 


-  mobile  grexmd  processing 

-  aircraft  applications 

-  spaceborne  applications 

As  compared  to  more  conventional  approachas  to  signal  processing  tasks  using  general  pur¬ 
pose  siultlprocessor  architectures  the  concept  described  above  shows  ruch  higher  processing 
efficiency  due  to  the  fact  that  data  communication  la  neither  limited  by  bua  constraints 
nor  by  sues  storage  devices  which  normally  must  be  used  to  preserve  intermediate  results 
of  the  processing  algoritlims.  At  the  same  time,  weight  and  power  consumption  considera¬ 
tions  turn  out  to  favorite  the  flexible  hardware  concept  as  compared  to  a  multiprocessor 
architecture  es  well. 


r  oa  1 
t 

*  aot 


nvor.i  1 1  software  programmability  of  a  general  purnosp  solution  seems  to  be  no 
a.iv.-int  aie  because  the  rust  of  a  software  redesign  of  a  comnlex  processor  archl- 
ur„  lr,  well  cnmnarable  to  the  cost  of  a  rear ranqi'ment  of  hardware  modules.  This 
becomes  even  more  Interestin'!  when  modern  computer  aided  deslqn  methods  are  In¬ 


troduced  into  the  manufacturin'!  process  of  hardware  systems. 
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FIG.  M-l:  BLOCK  DIAGRAM  OF  NEC  7720  SIGNAL  PROCESSOR 


FIG.  <*-2:  REAL  AND  IMAGINARY  PART  OF  THE 
REFERENCE  FUNCTION  GENERATED  BY 
NEC  7720. 
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ABSTRACT 

I  he  Shuttle  Imaging  Radar  (SIRl  is  an  L-band  synthetic  apert  ire  radar  that  transmits  and  receives  horizontally 
polarized  microwave  radiation  It  was  originally  launched  on  the  second  Shuttle  test  flight  (STS-2)  in  November  l‘)KI 
with  the  antenna  depression  angle  fixed  at  4.1°.  In  this  configuration,  the  radar  system  was  referred  to  as  SIR-A,  and 
it  collected  more  than  ten  million  square  kilometres  of  earth  imagery  in  a  variety  of  areas  situated  between  .18“  north 
and  south  latitude  SIR  A  data  was  optically  recorded  onboard  the  Shuttle,  and  it  was  subsequently  correlated  on 
the  ground  to  produce  imagery  with  a  50  kilometre  swath  width  and  a  surface  resolution  of  approximately  40  metres. 
Phis  data  is  currently  available  through  the  National  Space  Science  Data  Center.  C.reenbelt,  Maryland,  2077 ] .  SIR-A 
obtained  orbital  radar  coverage  ol  many  arid  and  tropical  portions  of  the  earth  for  the  first  time.  Distinctive  varia¬ 
tions  m  radar  hackscatter  observed  in  SIR-A  imagery  have  been  related  to  radar  penetration  of  wind-blown  sand, 
variations  in  the  particle  size  of  aeolian  sand  deposits,  and  variations  in  vegetation  density  and  the  architecture  of 
vegetation  canopies.  Certain  terrain  characteristics  detected  in  SIR-A  imagery  are  potentially  important  for  evaluating 
surface  traff icability  and  identifying  human  disturbances  of  natural  environmental  conditions.  The  SIR  is  presently 
being  upgraded  into  a  new  configuration  termed  SIR-B,  in  which  the  radar's  antenna  can  be  mechanically  rotated  in 
the  Shuttle's  payload  bay  during  an  orbital  mission.  SIR-B  is  currently  scheduled  for  flight  on  the  seventeenth  Shuttle 
mission  (STS-171  that  is  tentatively  planned  for  August  1984.  In  its  new  configuration,  the  SIR-B  can  be  used  to 
image  selected  regions  at  different  angles  of  incidence  ranging  from  15°  to  60°  (as  measured  from  the  local  vertical). 

In  principle,  multiple  incidence  angle  radar  imagery  of  selected  areas  can  be  coreregistered  and  used  to  differentiate 
surficial  materials  on  the  basts  of  their  roughness  characteristics.  This  procedure  is  conceptually  simibr  to  the  use  of 
multispectral  imagery  acquired  at  shorter  wavelengths  to  discriminate  surficial  materials  on  the  basis  of  their  pigmenta¬ 
tion.  Similar  experiments  have  not  been  performed  with  airborne  radar  systems  due  to  the  large  variation  in  incidence 
angle  that  occurs  in  the  range  direction  (i.e.  across  the  aerial  swath).  In  contrast,  orbital  radar  systems  are  uniquely 
able  to  image  broad  areas  of  the  earth's  surface  at  a  nearly  constant  angle  of  incidence.  SIR-B  can  potentially  obtain 
data  from  57°  south  to  57°  north  latitude.  SIR-B  data  will  be  transmitted  to  the  ground  in  real  time  via  the  Tracking 
and  Data  Relay  Satellite  System  fTDRSS)  where  it  will  be  digitally  correlated.  Future  modifications  of  the  SIR  that 
are  currently  under  consideration  would  provide  'or  simultaneous  collection  of  image  data  at  multiple  tadar  frequencies 
and  the  ability  to  measure  the  backscatter  response  of  the  earth's  surface  at  multiple  polarizations. 
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1 4.  Abstract 

These  Proceedings  for  the  46th  Symposium  Meeting  of  the  ACiARI)  Avionics  Panel  are  contained 
in  two  volumes  AGARIM  P-A44  contains  the  Technical  E  valuation  Report  and  unclassified  papers 
and  abstracts.  The  NA  TO  Secret  A(iARD-OP-A44(S)  contains  the  Technical  Evaluation  Report, 
classified  papers,  unclassified  abstracts,  round  table  discussions,  discussions  following  the  presenta¬ 
tions  of  papers,  and  a  list  of  participants.  In  the  overview  session  five  papers  were  presented  by  dis¬ 
tinguished  speakers.  During  the  communications  session  ten  papers  were  presented.  The  five  papers 
presented  during  the  navigation  session  al)  dealt  with  the  NAVSTAR  (ilobal  Positioning  System, 
t  he  session  covering  remote  sensing  had  six  papers  discussing  meteorological  satellites.  The  final 
session  on  prospects  for  the  future  provided  nine  papers  on  a  variety  of  subjects. 

The  objectives  of  the  symposium  were  as  follows: 

a.  Provide  an  overview  of  tactical  needs  which  are  effectively  addressed  by  space  systems. 

1  h.  Characterize  the  various  existing  and  potential  space  systems  with  emphasis  on  those  attri- 
!  butes  which  are  most  related  to  tactical  needs. 

c.  Assess  the  advantages  and  li.  illations  of  space  systems  in  supporting  combat  operations 
d  Investigate  the  interaction  of  space  assets  with  ground  and  mobile  resources  and  the  consequent 

operational  issues. 

e.  Discuss  future  trends  in  space  technology  and  their  relationship  to  evolving  combat  needs. 
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